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SAFETY 

1 . 1 General Safety " 

1.2 Hand Tool Safety : . . . . 
U3 Power Tool Safety . : • K 

.1.4 Fire Safety '* . ; * - 

"1.5 Hygiene Safety ^ ' 

1.6 Safety and Electricity 

1.7 Fire Types and Prevention .. * . % 

1.8 Machine Safeguarding (includes OSHA. Handbook) 

• EI^CTRICITY/EIJEXrrRONICS ' 

2.1 * Basics of Energy 

2 .2 Atonic Theory . 

2.3 Electrical Conduction 

2.4 Basics of Direct Current ' 

2.5 Introduction to Circuits 

2.6 Reading Scales 

2.7 Using a V.O.M. 

2.8 *OHM'S Law • . 

2.9 .Power and Watt's Law 

2.10 , Kirchoff's Current Law 

2.11 Kirchoff's Voltage Law 

2.12 Series Resistive Circuits 

2.13 Parallel Resistive Circuits 

2.14 Series - Parallel Resistive Circuits 

2.15 Switches and Relays 

2.16 Basics of Alternating Currents 

2.17 Magnetism •• • 

COMPUTERS 

3.1 .Digital Language 

3.2 ' Digital Logic 

3.3 Computer Overview 

3.4 Computer Software 

TOOLS 

4.1 '. Boring and Drilling Tools - * 

4.2 Cutting Tools, F^les and" Abrasives 

4.3 Holding and Fastening Tools' 

4.4 Fastening Devices t- 

4.5 A Basic Science - Simple Mechanics 

4.6 Fasteners 
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DRAFTING 

Types of Drawing *hd Views- 
Sketching / 
Blueprint .Reading/torking Drawings 
Working Drawings for Machines and Welding- 
Machine and Welding Symbols . 
Blueprint Reading, Drafting: % Basic Print" Reading 
Blueprint Reading,' Drafting: % Basic Print Reading 
Blueprint Reading, Drafting: Basic Print Reading 
Blueprint Reading,, Drafting: Basic Print Reading 
Blueprint Reading', Drafting: Basic Print Reading 
Blueprint Reading, Drafting: Basic Print 'Reading 
Blueprint Reading, Drafting: Basic Print Reading 
Blueprint ."Reading, Drafting: Basic Print Reading 
Drafting, Machine Features 

Drafting, /Measurement * , 
Drafting , Visual iza t ion 
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HUMAN RELATIONS 

Communications Skills \ 
Feedback 

Individual Strehgths • 
Interpersonal Conflicts 
Group Problem_5olving 
Goal-setting and De<^sion-making 
Worksite Visitfe , . v 

Resumes ; r ' 

Interviews i 
Expectation 

Wider Influences and Responsibilities 
Personal Finance ) 

BOILERS • • ', A 

Boilers - Fire Tube Types 

Boilers - Water tube Types 

Boilers - Construction ' 

Boilers - Fittings 

Boilers - Operation 

Boilers Cleaning* 

Boilers - Heat Recovery Systems 

Boilers - Instruments and Controls 

Boilers - Piping and Steam Traps 
< 

TURBINES 

* 

Steam Turbines - Types 

Steam Turbines - Components . , 

Steam Turbines - Auxiliaries* 

Steam Turbines — Operation and Maintenance 

Gas TJrbines 
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■ POMPS 

. • • •• * > 

s 9.1/- * Pumps - Types and Classification , ' j 

.'9.2 Pumps - Applications 

•'9*3 Pumps - Construction , 

♦9,4 t Pumps * Calculating Heat and Flow . 

* 9.5 ' Pumps ^-Operation , • 

9.6 Pumps - Monitoring and Troubleshooting 

9.7 Pumps. - Maintenance - 



COMBUSTION 



10.1 Combustion - Process i 

10.2 Combustion - Types of Fuel 

10.3 Combustion'- Air and Fuel Gases 
10.4, Combustion - Heat Transfer 
10.5 , Combustion - Vtood , 

GENERATOI*jf \ 

11.1 Generators - Types and Construction 

11.2 . Generators - Operation 

FEEDWATER 

12.1 Feedwater - Types, and Equipment 

12.2 Feedwater - Water Treatments 

12.3 1 Feedwater - Testing. 4 

^ ' ' * ' . AIR COMPRESSORS 

13.1 Air Compressors - Types 
4 13.2 ' Air Compressors - Operation and Maintenance 

STEAM 
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14.1 Slteam - Formation and Evaporation 

14.2 \ Steam - Types 

14.3 SJ:eam - Transport . « 

14.4 Steam - Purification , 

MISCELLANEOUS * 
«" 

15.1 Installation - Foundations 

15.2 •• Installation - Alignment «..••. 

15.3 Circuit Protection 

15.4 Transformers . ; • • •*' »'' 

15.5 Trade Terms ' * ' 

TRADE MATH » 

S , ,'• . . ' '. ' ' r • ■■■■ 

16.1 Linear - Measure 

16.2 Whole Numbers — '. 

16.3 Additional and Subtraction of Carmen Fraction and Mixed Numbers 

16 . 4 -Multiplication and Division of Common Fractions and Whole and 
. < • Mixed Numbers* • ...'• V ':."" :V "\v\ /; 

■ :. ■ ; * * ■ . 

fa - . . *: , ." •■ . • . . ■ •'■ 
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• * 16.5 <» Compound Numbers ' { • +■ 

16.6 . Percent ^ 

16.7 *Ratio and Proportion ..*'..< 

16.8 Perimeters, Areas and Volumes ' 

16.9 Circumference £nd Wide Area "of Circles 

16.10 Area of Plane, Figures and Volumes of Solid Figures* 

16.11 , Metrics .. . 

HYDRAULICS - 1 

17.1 ' Hydraulics Lever 

17.2 Hydraulics - Transmission of Force 

17.3 ' ' Hydraulics - Symbols 

17.4 Hydraulics - Basic Systems • 

17.5 Hydraulics - Pumps • Y 

17.6 Hydraulics - Pressure Relief Valve , »* 

17.7 Hydraulics - Reservoirs , * 

17.8 Hydraulics - Directional Control Valve 

17.9 Hydraulics - Cylinders > , 

j, 17.10 Hydraulics - Forces, Area, Pressure 

17.11 Hydraulics - Conductors and Connectors 

17.12, Hydraulics - Troubleshooting 
L. 17.13 Hydraulics - Maintenance . 

METALLURGY */ . 

18.1 Included are ILS" packets: v t 

W 3010 

W 3011^1 .14 , . 

W 3011-2 
•MS 9001 (1-3-4-8-9-6-7-^-2-9) 
MS 9200, 9201 

PCWER DRIVES ' 

r 19.1 101. A-B-C/-D-E } 

102. C-CHE 

103. B-C-D-E 1 ' 

104. A-C-E-F-G-H-I-J. 
. 107. A 

108. A ; . 

. . . If - , . 

WELDING j 

v 20 . 1 602 . A-B-C-D^U-L-Mii • , 

603. A-B-F-G-I \ 
W. 3011-1 refer to Metallurgy .18.1. 
WE. " MA-18 . L 
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Supplementary 
Packets 

1.8 

12.1 <\ 



12.2 
12.3 
12.4 
12.4 
12.5 



12.7 



13.1 
13.2 
13.4 
13.6 
.13.7 

13.3 
13.5 



Description ". ' ' '. 

Concepts & Techniques, of. Machine Safeguarding, U.S.D.L. , O.S.H.A. 

Correspondence Course, Lecture 1 , Sec. 2, Steam Generators, Types 
of Boilers I, S.A.T.T. , Calgary, Alberta, Canada 

Correspondence Course, Lecture. 2", Sec* 2, Steam Generators , Types, • 
of Boikers II, S. A. I-T. , Calgary; Alberta, Canada ' . 4...' 

Correspondence Course, Lecture 2, Sec. 2, Steam Generators, Boiler 
Construction & Erection, S.A.I.T.', Calgary", Alberta, Canada - 

Correspondence Course, lecture 4, Secy 2, Steam .Generators-, Boiler , 
.Fittings II ,; S.A. I .T. ,. Calgary, Alberta, Canada * i . - 

Correspondence Course, Lecture 4,. Sec. 2, Steam Generators, Boiler 
Fitting T, S.A. 1. t. , Calgary, Alberta,' Canada ; : . 

Correspondence Course, Lecture 10, Sec. 2, Steam Generation, Boiler 
Operation, Maintenance, Inspection-, S.A.I. T. , Calgary, Alberta, 
Canada : . 

Correspondence Course, Lecture 3, Sec. 2, 'Steam Generation, Boiler 
Details, S.A.I.T., Calgary, Alberta, Canada > 

Correspondence Course, Lectured, Sec. 2, Steam Generator, Power 
Plant Pumps, S.A. I. T. , Calgary, Alberta, Canada • \ 
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Related Training Modul e 

1 ,8 Machine Sai^e guarding 

7.1 Boilers,. Fire Tube T^pe 

7.2 Boi 1 ers , : Water" Tube Type 
7.3; Boilers, Construction 
7.4 Boilers, Fittings.- 

7.4 .Boilers, Fittings 

7.5 Boilers, Operation 



7.7 * 

PUMPS 

9T~ 

9.2 

9.4 

9.6 

9.7 



Boilers Heat Recovery 
Systems 



Types & Classifications 
Applications 

Calculating Heat & Flow . 
Monitoring & Troubleshooting 
Maintenance 



Correspondence Course, Lecture 6, See. 3» Steam Generators, Pumps, * 9.3 
S.A.I.T., Calgary, Alberta, Canada • 9.5 



Construction 
Operation 
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Packet # 
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12.8 



14.4 
15.1 
15.2 



15.3 



15.4 



15.5 



16.2 
16.2 
16.3 
* 17.1 
17.2 
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Description 

CorjfCstiondence Course, .Lecture 6,' "Sec-, 3, Steam Generators, Steam 
Generator Controls; S.A.I.T., Calgary, Atberta, Canada 

Correspondence Course',. Lecture 11-, Sec. 2, Steam Generators, 
Pip/ing II, S.A.I.T., Calgary, Alberta, Canada * , r . 

Correspondence Course, Lecture 1, Sec.. 4, Prime Movers, & Auxil- 
iaries, Steam Turbines, S.A.I.T., Calgary, Alberta, Canada 1 

Corresppndence Course, Lecture 4, Sec. 3, Prime Movers, Steam - 
Turbines 1/ S.A.I. T. , Calgary, Alberto, Canada , ' ^ 

Correspondence Course, Lecture 2, Sec. 4, Prime Movers & Auxil- 
iaries, Steam Turbine Auxiliaries, S.A.I.T., Calgary, Alberta, 
Canada • •. • '• 



Correspondence Course, Lecture 6, Sec. 3, Prime Movers, Steam 



Turbine Operation & Maintenance, S.A.I .T. ^Calgary, Alberta, 
Canada , 

' Correspondence Course, LectuVe 8, Sec. 3, ;. Prime* Movers , Gas 
Turbines, S.A.I. T. , Calgary, Alberta, Carwda % . ■ ■, 

/Boi !ers' Fired witjuWood & Bark Residues ,' 0. IK- Junge, F.R.L. ,• . 
O.S.I)., 1975 f ' • . . ' \ 

• 'urrespondence Course, Lecture 5, Seo. '?., Steam Generators, 'fuel 
Combustion, S.A.I.T., Ca1(jary s Alberta, Canada 

Correspondence Course, Lecture 5,N^et. ?, JLIant^erviceSt, # Fuel 
j & Combustion, S.A.J-.T., Calgary, Alberta, Canada 

*• > • 

Correspondence Course, Lecture 12,, Sec. 3, Steam Genera ti oil, Water 

.Treatment, S.A.I.T., Cal<jary, Alberta, Canad.a 5 



Related.Training Module 

14.3 Steam Transport 

7.8 Boilers, Instruments' & 
Controls 

14.4 Steam Purification/ 

8.1 Steam Turbines, Types' 

8.2 Steam Turbines, Components 

fc - 

» 

8.3 Stek Turbine^, Auxiliaries 



8.4 vSteam Turbines, Operation 
& Maintenance 



8.5^ Gas Turbines 
TO."? Combus.tion Ty|)es of\ Fuel 
10.? -Combust jort Types of Fuel 

v 

10.3 Combustion .Air & Fuel Gases 



12.1 Teedwater , Types & 
Operation '* 



^Correspondence Course, Lectura 12, Sec, 2, s\cdin Generrit.loiN,* WUer 
Treatment, S. A. I -T- » Calgary, Alberta, Caimdri ' ' 
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Supplementary 
^ Packet # 

• 17,3 
18.1 



18.1 
18.2 



; 19.1 



•1*9.1 



20.1 
21.1 

22,1 



' Description 

Correspondence Course, Lecture 7, Sec. 2, Steam Generators 
Feedwater Treatment, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lectured, Sec. 5, Electricity, Direct! 
Current Machines, S.A.I.J., Calvary, Alberta, Canada • * 

Correspondence Course, -Lecture 4, Sec, 5, Electricity, Alternating 
Current Generators, S.A.I.T., Calgary, Alberta, Canada 1 

« 



- i . 

Correspondence Course, Vecture. 5, S*c. 4> Prime Movers & Auxil- 
iaries, Air Compressor, 1, S.A.I..T. , Calgary,. Alberta, Canada - • 

Correspondence Course^ Lecture 6, Sec. 4, .Prime Movers'S Auxil- 
iaries, Air Compressors H'^S.A.I.T., Calgary, Alberta, Canadj* 

Basic Electronics, Power Transformers, EL-BE-51 

Correspondence Course, Lecture 6, Sec. 5, Electricity, Switchgear 
& Circuit, Protective Equipment,, S.A.I. T. , Calgary, Alberta, 
Canada • > 

Correspondence Course, Lecture 10, Sec. 3, Prime Movers, Power 
• Plant' Erection & Installation, S.A.I.T., Calgary, Alberta, Canada 



Related Train ing M odule 
12.3 Feedwater, Testing • 



•"11.1 Generators, Types & , ■ 
Construction v 

Tl .'1 Generators, Types & '. 

v Construction ^ 
18.2 Generators', Operation 

13".l Air Compressors, Types 



13.1 Air Compressors, Types 
M3.2 . Air Compressors, Operation 
& Maintenance 

15.4 Transformers 

15.3 Circuit Protection 



15.1 Installation Foundations 



9 

ERIC 



12 



-4 



13 



ERIC 



RECOMMENDATIONS FOR. USING TRAINING MODULES * ~ r 

v • • • . 

The following pa,ges list modules and, their corresponding numbers-for this 
particular apprenticeship trade^ As related training classroom hours 
vary for different reasons throughout the -State, we recommend that 
the kitfi vidua V apprenticeship committees- divide\t he ttatal packets to 
.fi^their individual class schedules. ' '. / 

1 > 

» % 

There are over 130 modules available-. Apprentices can compete* the 
whole set by the end of'their indentured apprenticeships. Some 
apprentices may already have knowledge and skills that are covered 
in particular modules. In those cases, perhaps ^credit could be 
granted for thpse subjects, allowing apprentcies to advance to the 
remaining modules. 

We suggest the the apprenticeship instructors assign'the modules in 
numerical order to make this learning tool most (effective. 
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SUPPLEMENTARY INFORMATION 

7 I , 

S 



ON CASSETTE TAPES 



Tape 1: Fire Tube Boilers - Water Tube Boilers 

and Boiler Manholes and Safety Precautions 



Tape 2: Boiler Fittings, ValVes, Injectors, 
Pumps and Steam Traps 



Tape 3: ..Combustion, Boiler -Care and Heat Transfer 
and Feed Water Types 

Tape 4: Boiler Safety and Steam Turbines 

-i 

Vn0TE: Hie above cassette tapes are intended as additional 

reference material for the respective modules , as 
* indicated and not designated as a required assignment 




/ STAKSNI PF ASSURANCE • 

;' ' ' 1 



It is'the poLicy of the Oregon Department! of Educat/IOn \ 
that no person be subjected to discrimination on, the/ . : , 
basis op race, national origin, sex, age, h^dicap or 
marital status in any program., service or activity for 

\ > •. • 

which the Oregon Department of Education, is responsible, 
The Department will comply with the requirements of state 
and federal law concerning" non-discrimination and will y 

STRIVE BY ITS^ACTIONS TO ENHANCE THE DIGNITY AND WORTH 
OF ALL PERSONS . 

SJfflEnENI .tf JEffiLSEHEffi ' 

t 

♦ 

This project was developed and produced/under a sub-contract 
for the Oregon Department of Education .by Lane .Community • 
r.miFfi F. Apprenticeship Division, Eugene, Qgg^jvJ98jh 
Lane Community College. is an affirmative action/equal 
opportunity institution, . 

ft 
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Modules 18.1, 19*1,. and 20-1 have been omitted because they contain 
dated materials.. / « . , ) ^ 
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STEAM — FORMATION AND EVAPORATION,- 



Goal: 


Performance Indicators: 

✓ 


The apprentice will be eble to 


1 ♦ Describe temperatures for 


describe steam formation and 


steam formation. 


evaporation. 


2., Describe tfypes of heat* 


• 

• * 


3. Describe formatioti > of steam. 


- * 

i 

i 


4. Describe evapqpation . 

* • 

* 


• 


• 

» » 


l 


i . . ■ 
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* Read the goal and performance indicators to find what is to be learned from 
package. ' * • 

# * Read the vocabulary list to find new. words that will be used in package. 

/ • * Read tfie introduction and information sheets. * * 

* Complete the job sheet. * 

• • • 

. >, * Complete the self -assessment. 

* Complete the post-assesswent. 
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♦♦■"•Celsius scale 

* Condensation 

* Evaporation 

* Fahrenheit scale 

* Latent heat 

* Latenrt heat of fusion , 

* Latent heat of evaporation 

* Saturation temperatur* 
*] Sensible heat 

* Temperature of evaporation 

* Temperature^of vaporization 



Vapor 



/ 
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Steam foxunatffon requires water to be changed from a liquid to a vapor state. 
This requires that water be heated to the boiling point v Two types of heat are 
used in, converting water to steam. 0 One is a sensible heat that raises the 
temperature to* boiling and a latent heat that will change the state of water 
■ without farther rise in temperature . 

The apprentice should/have a theoretical understanding of the cteam formation 
process. . » 9 



1 
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Temperatures 



. Heat is used to convert solids^into liquids and liquids into gases. Steam is 
<! 8ar as f 7 a P 0 - r - instead of a gas because it does not follow all of the rules 
Su i aSe ° US beha y.i°r. The process of converting water to steam requires 100» 
I-he Fahrenheit stfale which is common t ? American .thought has a freezing point of 

I t n t f,? 0iUn ? P °J n E 0f 212 ^ Re 8«rdless of I the measuring scale, water must 
x reach boiling point before steam is produced. / 

The bofrling point will vary at different elevations above sea level. Also the 
J^o"? * 0int WlU varv with the pressures that are placed upon the liquid".' The 
100^ C is based on -*tmosphef ic pressure. Liquids under pressurlSill boil at a 
. range of temperatures which are controlled by the pressure. Water will boil at 
high altitudes much quicker than at sea level. 



Types of Heat 



f 



Sensible heat is heat that can' be sensed and measured with a -thermometer. 
Latent heat is a hidden heat that may cause a state of change in another 
substance without changing the temperature of the /substance . _ If ice is being 
changed into its liquid state, • the melting temperature is 0°C. As the ice 
continues, its melting, the temperature will remain at (£c until it is water. 
When latent heat is used t;o convert a solid to a liquid, it is called the 
latent heat of fusion . ' «, y 

If latent heat is applied to waW at IOcPc, the_water will change to a vapor 
♦state. The water will continue to boil at 100^. The heat that converts 
liquids to a vapor form is called the latent heat of evaporation . > 

Formation of Steam 

Water is heated to the boiling point with sensible heat. ■ After boiling point 
the latent heat changes the water into steam. Steam is formed at the boiling' 
point temperature. That temperatume may be more & less than a KXTC, depending 
° n n t i e pressure 1x1 Nation to atmospheric pressure. That boiling point is 
called the temperature of vaporization or temperature of evapora tion or 
saturation temperature. That is the temperature at which steam formation takes 
place. . . 



Evaporation 



If we set 
evaporation, 



a pan of water in the sun, it will slowly disappear through 
If We add heat, to the pan, the water will evaporate- much quicker. 
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INSTRUCTIONAL LEARNING SYSTEMS 



Information 




In the process of evaporation, the water simply turns into vapor form and floats 
away.. In steam production, the process of evaporation is controlled by steam 
generation equipment. Condensation is the opposite of evaporation. As ,tjjA 
vapor cools, it is converted back to a liquid state. 



/ 
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INSTRUCTIONAL. LhAHNINXi Itt b I tM5 




* Complete the job sheet. 

* Complete the self-assessment and check answers. 



* Complete the posfr-assesTsment and ask the instructor to check answers. 





S 
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INSTRUCTIONAL LEARNING'SYSTEMS 



Job 






* CHECK BOILING TEMPERATURE * ' ' * 

* ■ * 

■ • o • 

* Obtain a Celsius scale thermometer that records beyond 100 C. ^ , 

* Place a teapot of water on the burner and place thermbmeter in water so 
that it can be read. (Note temperature of w^ter.) 

* Light burner and tyring water to boiling, point, (Note temperature,,) 

* Allow water to continue boiling for 10 minutes, (Note temperature. > - 

* Which temperature readings show sensible heat? ^ 

temperature readings show latent- heat? 
f What is the boiling poipt of water? * 




8 
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Self 

Assessment 





MATCH THE FOLLOWING TERMS AND PHRASES. 

/ 

" 1. CelBius scale 



2. Fahrenheit scale 



3. Latent heat 

* I 

4. Latent heat/ of fusion 



5. Sensible heat 

<6. Latent heat of evaporation 

7. Temperature of evaporation 

8/ Condensation 



9. Evaporation 

> 

10. 0° 



A. Changes liquid to gas 

B. Change? solid to liquid. 

C. Boiling point 100°. 

< 

D. Changing of liquid to vapor. 

. - * 

E. Boiling point 212°. 

F. Freezing point on Celsius* 



• 6. Hidden heat thatL changes forms 
of substances with changing 
in temperature. 

H. The boiling point after 

adjustment for pressure. 

*> . 

I. The opposite of evaporation. 



J. Heat that can be sensed or 
measured. 



„ f INSTRUCTIONAL LEARNING SYSTEMS 



•Post 

Assessment 




1. The i 
point of 2120. 



Bcale^has a freezing point of 32° and a boiling 



2. The 
' of 1^7 



j scale has a freezing point of 0 and a boiling point 

< * 



3. The exact point at which water boils is determined by the 
on the water. 



4. Steam is regarded as a 



because ' it does not 



behave by the rules of most gases. 



5. A heat that can be Sensed and measured "is called 
heat. 



6. A hidden heat that changes water to steam without increasing the 
temperature called heat. • 

7. A heat that converts a solid into a liquid is called the\ latent heat of - 



8. The exact boiling point where steam is formed is called the temperature 

of ^ 



9. 



at 



is the opposite of evaporation. 



10. The vaporization oi a liquid is called 
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Instructor 
^osfTVssessment 

Answers 



L, Fahrenheit 



2. Celsius 



3, Pressure 



4 . Vapor 



5. Sensible 



6. Latent 



7. Fusion 



8, Vaporization or evaporation or saturation 



9. Condensation # 





10* Evaporation 
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Supplementary 
References 



Select own rfeading material for this package. 
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14.2 



STEAM — TYPES 
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The apprentice will, be able to 
describe types of steam. , 



Performance Indicators: 



1. Describe saturated steam. 

2. Describe dry; steam. 

3. Describe wet steam. 

4. Describe superheated steam. 

5. Describe steam tables. 
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Study Guide 




Read the' goal and performance indicators to find what is to be learned from 
package, 



Read the ^vocabulary list to fin^'new words that will be used in package. 
Read the introduction and information sheets. 
Complete the job sheet • 
Complete self -assessment. 

* • 

Complete post-assessment. v 



> 



Vocabulary 





* Dry saturated steam 

<K>Q<>OC)«>OC>t»<>MiOtNB gJa DOC><>C><lO<>«K>OC 

* Saturatea st$am 

* Steam tables 

* Thermodynamic properties 

* Wet steam 
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Introduction 





Although all steam is formed at the temperature of evaporation, it will, differ 
in its thermodynamic properties. These differences can affect the efficiency of 
plant operation unless they are understood. 

Some steam has heavy concentrations of suspended water particles which can 
create problems for turbine blades. Most plants use superheater^ to raise the 
temperature of the steam beyond the temperature of evaporation. An operator 
must understand the basic tjypes of steam in order to deal with its. applications 
in power production. / , 



S 
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Information 





Water turns to steam when heated to a 100 C at atmospheric pressure. This 
boiling point temperature is the saturation temperature. The saturation 
temperature will vary according to the pressure on the water. 

Saturated Steam 7 

■ * « •> 

Saturated steam is steam at the temperature o'f saturation or evaporation. It is 
steam that has just undergone conversion from the liquid to a vapor state. 



Wet Steam 



4- 



Saturated steam with particles of water suspended within the steam is called wet 
steam. , , ' 

Dry Saturated Steam 

Saturated steam without suspended water particles is called dry saturated steam. /. 
Superheated Steam 

Steam cools and starts reverting to water. This creates a wet steam that is 
undesirable. To avoid wet steam, saturated steam is heated beyond the 
temperature 1 of saturation. Steam with temperatures higher than saturation 
levels is called superheated steam. , Superheated steam is Used in turbines so 
that erosion of blades by wet steam can be avoided. 



Steam Tables 



saw 



The properties of *team will vary with the pressure. Steam tables have been 
developed to show the thermodynamic properties of steam at various pressures. 
The thermodynamic properties include volume, latent and sensible heat values, 
relationships of heat and pressure' and jDhternal energy values of steam. Steam 
tables are available for saturated and\superheated steam. The operator must 
know how to read the -steam tables and interpret the information for practical 
applications. The following steam table shows the saturation temperatures under 
pressures ranging from 1/4 pound to 3206 pounds absolute. . * \ " 
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< Information 
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mm 
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0.23 
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679^55 


60 


162.24 


I4Q 


353-02 


330 


4 £6.16 


340 


475-01 
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Assignment 




Complete job sheet. 

answers • 

Complete the post-assessment and ask the Instructor to check your answers < 
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Job Sheet 



Using a saturated steam table, find the saturation temperatures at the following 
pressures. 



1. 14.6 pounds 

2. 40 pounds 
3*. 420 pounds 
4^ 1600 pounds 
5. 3206 pounds 



\ 



What is atmospheric pressure at sea level?, 
What is absolute pressure? 



8 
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Self 

Assessment 





Match the following terms and phrases, 



1, Saturated steam 



2. Dry steam 



B. 



Steam with temperatures 
higher than temperature of 
evaporation. 

< 

Steam with suspended water 
particles. 



3 . Superheated steam 



C. Steam without suspended water 
particles. 



4. Wet steam 



5. ♦ Steam tables 



D. Shows thermodynamic properties 
of steam. 



E. Steam at temperature of 
evaporation. 



erJc 



^ ) 



3J 



iuCrt nuu i luixnu ucnniMtiivi 0101 uivto 




■ * Self Assessment 




E ' 1. 



_C 2. 

Jl 3. 

B 4. 



D i 5. 



/ 



/ 
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P6st 

Assessment 




1. Where can an operator find the thermodynamic values of steam at various 
levels of pressure? , ^ 



Why is superheated steam used for turbine operation? * 



What is saturated steam called when it has water particles suspended within 
the steam? » | i 

What is steam called when at the temperature of evaporation? 



, 5. What is the temperature of evaporation at atmospheric pressure? ^ 
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Instructor 

Post Assessment 
Answers 



c 



X. Steam tabl£^/~ 



2. Prevent erosion of turbine blades by wet steam. 

t i 

3. Wet steam 

i 

4. Saturated steam 



5. 100°C 



J 





12 



# Supplementary 
References 





* Saturated Steam Tables provided by irfetriuctor or from reference library. 
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14.3 



STEAM — TRANSPORT 



J 





Goal: 


Performance Indicators: 


f 

The apprentice will be able to - 
descci.be steam transport. 

t 


1. Describe condensate remov&l. 

2. Describe piping, 'pipe insulation, 
and valve control. 


i 

*" 


» 3. Describe separators and traps. 

t 

v 


• 


* ■ 


•' 1 
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\ 

! 





* Read the goal and performance indicators to find what is to be learned from 
package. 

y 

* Read the vocabulary list to find new .words, that will be used in package. 

* Read the introduction and information sheets. 

* Complete the job sheet, 

* Complete self-assessment,. 

* Complete post-assessment. 
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Vocabulary 





* Drip or drain line 

* Insulation 

* K value 

* Steam separator 

* Steam trap 

* Thermal conductivity 

* Water hammer 
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lntrpdi|ctipn 





This package briefly describes the movement of- steam through piping and 
provisions for removing condensate from the steam line. • Other packages have 
dealt with the specifics of piping, steam purification and valves. Although 
these items are important to ilM transport of steam, they will not be repeated ia 
detail in this package. \ 
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Information 

( • _____ 




The transport of steam through piping must be carefully controlled. Water must 
be continually drained from the steam. The presence of water in the steam will 
create the condition knrfwn as water hammer. Water hammer can cause an explosion 
in the lines and equipment damage. Air and cartfon dioxide must also be removed 
from the lines/ Drainage must be providejUfor all types of steam including 
Superheated steam. Any cooling of the steam produces condensate which can 
damage turbines and other equipment . Drains and drip lines must be installed 
at all. points where condensate is likely to collect;, • 

Drip or Drain Lines 

Drip or drain lines should be installed atjiatural drainage points sucih as: 

At the ends of mains 
*/ Ahead of risers ^ 

* Ahead of expansion joints afitt bends 

* Ahead of valves and regulators ^4 

A drip leg should be provided at each drainage point. {The dri/ leg should be 
the same diameter jjp the pipe. The drip leg allows gravity drainage of water 
fx^om the steam flow. 

Water Hammer ■ . " 

Water hammer is a condition in the line that results in shock waved that 
' resemble- hammer fallows. It usually occurs in steam lines as a result! of 

condensate in the line. The water or condensate tends to trap pockets of steam. 
' The „ cooler water condenses the steam which creates a, pressure pocket. 

Equalization of this* pressure pocket causes shock waves in the pipe. " , 

Most water hammer can be avoided by installing drains, drip pockets and traps to 
remove the condensate from the steam lines. Steam valves should be opened 
slowly, with drain valves open, allowing the line to warm up. Hot steam in a 
cold line can create condensate and water hammer. 

b 

Pipe Insulation ' . '* 

Power plant pipe is covered with* insulation to prevent heat loss and 
condensation. The insulation is also a safety feature to protect employees from 
getting burns. The material should be of high insulation value and able to 
Withstand corrosion. Insulation materials are selected on the basis of their 
thermal conductivity K value . The K value indicates trie amount ot heat thqt will 
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conduct v?£ £ T 8h * T*?*^- i Since ^«tion is the exact opposite of 
conductivity, the lower the K value )p£ a material, the better is its insulating 
quality. Some common insulating materials' and their K values are: inSUlatin * 



Plastic foams .09 

Glass fiber .29 

Magnesia, .35 

Calcium silicate .,37 

Asbestos ,37 

Reflective metal .53 
Dlatomaceous silica .70 



.28 K 
.35 K 
.42 
.60 
.72 
.66 



K 
K 
K 
K 



- .80 K 



Valves 



accordLr P S °Llt VeB ^l™? ****** trans P° rt of «team. Valves ar**selected, 
according to their specific functions in the movement of steam. Valves have 
been discussed in detail in other packages on boiler piping and boile? fUtin^s? 

ZiES. 

There are many types and sizes of pipe in a power plant; Pipe is selected to 
T CifiC " ndi 4 tion8 of P^ure! temperature and resistance to 
Z tt L Pi PVT trUCtl SI i«- discussed in a package on boiler piping and will 
^Lrf!i 5 epeated here ' ? e election of the prope? diameter pipe and P SJ 
material is important to safe and efficient operation of a steam plant. 

Steam Separators and Steam Traps 

DirmJ! Par ^« rS l ea T Conden8ate fr ° m 8team ' ^ are comm <> n ly called steam 
tiui^J? 1 ?^; "T e8 i L8ned baffl6S ° r centri£u 8al devices that 
wet Seam/ from the steam to prevent water hammer and erosion caused by 

lines ea wltnouf 1S h! deVice ; hich remov f water from steam separators and steam 
puJpose^ the loss of steam. Several types of traps are used for this 

A more detailed . treatment of steam purifiers and steam traps is included in the 
nejct package of this series ~ , Steam Purification. mciuaeo in the 
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* Read page 1,, 20-34 in supplementary reference. 

* Complete the self-assessment and check your answers. 

* Complete the post-assessment and have the instructor check your answers. 
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Self 

Assessment 





1. List 3 places where drip or drain lines should be installed? 



2. What causes water hammer in steam lines? 



3, How can water hammer be prevented? 



A. On insulation materials, what does the K value mean? 



5,* Which of the following insulation material have the best insulation quality? 

0 

* Asbestos .5 K . 
\* Glass fiber .3 K ' 



V 
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Self Assessment 
Answers 




1. At end of mains, ahead of risers, - ahead of expansion joints and bends, 
ahead of valves and regulators. 



jL. Condensate 



3. Removing condensate from steam lines and warming up lines before steam 
flow. * 



4. Thermal conductivity 



5. Glass fiber. The lower value is best. 



a. 
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Post 

Assessment 




Match the following terms and phrases: 

1. Water hammer 

2. Drip leg 

t 

._ 3, K value 



A« Thermal conductivity 

B. Device for removal of water 
from separators 

C. Steam purifier 



4. Steam trap 



5. Steam separator 



D. Should be installed at each 
drainage point 

V 

E. Caused by condensate in 
steam line 



9 

ERIC 



10 



53 



INSTRUCTIONAL LEARNING SYSTEMS 



Instructor 

•Post Assessment 
Answers 




j i. 

b 2. 



3. 



B 



4. 
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# Supplementary 
References 




* Correspondence Course. Lecture 11, Section 2, Second Class. Steam 
Generators. Southern Alberta Institute of Technology. Calgary, Alberta. 
Canada. , 
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SECTION 2 



Correspondence Courses 
Power Engineering 



' steam GENERATION 
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STEAM GENERATOR CONTROLS 

— In order to ensure safe, economical, find reliable operation of the steam 

generator, Instruments and controls are necessary. The boiler outlet conditions 
such as steam flow, pressure, and temperature must be measured and the quan- 
tities of fuel, air, and water must be adjusted to maintain the desired values of 
the outlet steam conditions. This measuring and adjusting must be done contin- 
uously during the time the boiler is in operation. The subject of the instrument- 
ation and control necessary to perform the measurement and adjustment is of 
necessity quite complex and extensive and its coverage in this course must be 
limited tq^not muclmore than basic concepts. 




\ / 



METHODS OF MEASUREMENT 

In measuring the values of thcvajiables involved in the power plant opera- 
tion, many dif forfait types of instruments may be used, not only to indicate the 
measured value, but also to record the value, usually continuously, on a» chart, 
'Uhe instruments ;irq also often used to send signals to control certain flows. 

Tlitf- measuring instruments may be located directly at the point where the 
measurement is being taken or they may he located remote from the'moasure- ■ 
ment point, for example, in a central control room. 
I 

Some of Hie more commonly used designs oi measuring instruments are 
described in the following sections. 

1 , 1 ; It KSsffl 1 1: M K ASH K K M K N t 

Pressure is tone of the most commonly measured variables in power plant 
operation.. These pressure measurements include steam pressures feedwater 
prottfrifru, furnade pressure, condenser pressure, lubricating oil pressure and 
mfny others, 
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The Bourdori tube, the bellows* , and the diaphragm are three devices com- 
monly used to measure pressure. Another device which Is sometimes used is 
the liqujd or mercury filled U^tube used for low pressure work. 

The Bourdon tube may be in the form of a C , a spiral, or a helix. In 
each case a hollow flattened or oval shaped tube is used, sealed at one end. The 
open end is fixed and Is connected to the source of pressure while the sealbd end 
is free to move. Pressure tends to straighten the tube and the movement of the 
fre9 end is a measure of the pressure, * 

The Bourdon tube types are illustrated in Figs, 1 to 3 inclusive. 





C Bourdon Tube 



Spiral Bourdon Tube 






Holix Bourdon Tube 
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The bellows consists of a chamber which is corrugated in such a way that 
it will expand or contract in the direction of its length rather than in the direction 
Of its side walls, - 

The pressure to be measured may be applied to the inside of the bellows, 
in which cfise it will expand or elongate. Conversely the pressure may be applied 
to the outside of the bellows causing it to contract or shorten. The bellows may 
also be used to measure the difference between twp pressures by applying one 
pressure to the inside of the bellows and applying the other pressure to the outside 
of the bellows, 

' \ 

Fig. 4 is a sketch of a bellows type pressure gage in which the pressure 
to be measured is between the bellows and the case. 




/wo 

Adjust m«»nl 




Overload 
Stop 



. Bollowv 



<«>> Pressure Connection 

} Ol1ihr.it in(| .Sprint) • 



T?! 



Bellows Pressure (iatfe 

The diaphragm type of pressure uafje is'used primarily to measure low 
pressures such as draft in, a boiler furnace and ip normally calibrated in inches 
of water. It consist* essentially of a non-metal lie diaphragm, sometimes called 
a l^mp diaphragm, which, when pressure is applied to it, will distort and either 
stretchy compress, or deflect a spring. 
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The principle of operation of 1 this type is shown schematically in Fig, 5. 



POINT f.H ASSEMBLY 



t 



SPACER 



UHQ BEAM 



QJA/^HRAGM - 




canhuve R 

RANGE SPRING 



BEAM 



It HQ 
"ADJUSTMENT 

« PUSH ROP 



PRESSURE OR. 
DRAFT CONNECTION 



Diaphragm Pressure (Jagc 

; Fig. 5 , • 

Kor low pressures and drafts (suction), liquid or mercury U-tuhes or 
variations thereof are sometimes used. Depending on the pressure (or suction) 
either mercury or a colored oil is used. One end of the U-tube is connected to 
the source of pressure or suction, the other to atmosphere. The difference in 
the levels of the two legs represents the pressure of the suction head in linear 
units of the medium being used.' If pressure* is measured, the connected leg is 
depressed; if suction, the leg to atmosphere is depressed. Inclined draft gages 
are of this variety. 

Connecting one side of the U-tube to one point of pressure or suction in a 
system and the other side* to a different point in t ho same 1 system gives a drop or 
differential pressure between the two points.. The instrument thus becomes \\ 
.differential pressure* gage and is used for various readings, such as draft loss 
across an air heater. 



2. TKM PKRATURK MEASUREMENT 



Most power plant operations involve; the transfer of heat arid resulting f 
temperature changes. Therefore, temperature is another of the m«si commonly 
measured variables in the plant. Kxamples include steam temperature, feedwater 
temperature, flue gas temperature, oil temperature, cooling water temperature 
and many others. 
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Temperature measuring Instruments used irt power plants include glass- 
stem thermometers, remote-indicating bulb thermometers, bimetallic thermo- 
meters, and thermoelectric pyrometers. 

Glass-stem Thermometers 

The principle of operation of this type involves the expansion and contrac- 
tion of a column of mercury or alcohol dae to temperature changes. The thermo- - 
meter consists of a thick-walled glafs tube 
with a small hore and formed into a bulb at 
one end. The bulb contains the mercury or 
alcohol \\$iich expands or contracts with 
temperature changes and so rises or falls 
Mn the small bore tube. The reference 
scale numbers are either etched on the . 
outside of the glass tube or secured adjacent 
to tt. % 



The mercury filled type is more , 
stable at high temperatures than the alcohol 
filled type and is used for temperatures up 
to about 300°C and in some cases up to 
about 500 (> C. The alcohol type is better 
suited for low temperatures dvic tu it# very 
low freezing point. 

Kig, f? shows two- types of glass- 
stem thermometers. 



Glass-stem Thermometers 



Hi metallic Thermometers 



Tin* operation of thi<| type depend* ^upon the fact that dissimilar metals 
when heated will expand at different rates', The thermometer is made* up of two 
thin strips of, different metals welded together face to fafce, When heated, the 
strips expand atyfliffcrent rates causing the assembly to bend as shown in K^. 7. 
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Himetal Strip 



no 




BEST COPY AVAILABLE 



' This bending movement is Used to move a pointer thus indicating a temp- 
erature change. . 

« 

Brass and invar, which is an iron nickel alloy, are often used «s the 
metals as they have a wide difference in expansion coefficients, brgss expanding, 
about twenty times more than does invar. 




Tn order to obtain greater rotation 
of tfcie pointer, the bimetallic strip is 
usually woundSty the form of a helix as 
shown in Fig, 8. 




Helical Bimetallic Strip Thermometer 
FifiT 8 




Filling 
Tube 



Bulb 



Remote-indicating Bulb Thermometers WT ^Xube^ 

w I 

This type is used whore it is desired ^ 
to indicate In* record the temperature at a 
location gome distance away from the point of 
measurement, The instrument consists of a 
bulty, a eapil I any tube and a Bourdon tube, all 
of. which are filled with a gas or a liquid, The 
expansion- or contraction of the gas or liquid 
{Jue to temperature changes causes movement 
of the Bourdon tube which is linked to the in- 
dicating pointer or recording pen 

K L m 

*Fig- «9 illustrates the principle involved, 

tli<^ capillary tube are filled with liquid through the filling tube which is then 
. sealed. Movement of the Bourdon tube 'due to expansion or contraction of the 
liquid will cause the pointer to move, Although the capillary -tube shown in the 
illustration is quite short, it may. in actual practice lie 1 !"> or* even M) tn in length 
(PHI -2-1 1-0) 



Remote Bulb Tly milometer 
Fig, 9 ' 
The bulb, the Bourdon tube and 
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Thermoelectric Pyrometers 




Thermoelectric Urometer 



The thermoelectric pyrometer, shown in Fig. 10, makes. use of a thermo- 
couple which produces 'in electrical voltage which varies with temperature changes • 

A thermocouple consists of two wires, each made up of a different met;il, \jie 
two wires are joined together at one end and, if this junction is heated, a voltage* 
is developed ajl the free ends of the wires. The high temperature joint is called 
the hot juration and the free ends are called the cold junction, 

* ■ 

« The voltage produced varies with the temperature difference between the 
junctions ;ind tRis voltage is measured by connecting the free ends or cold junction 
of the thermocouple to a miliivoltmeter which is calibrated to read in degrees of 
'temperature* A bimetal strip is used to provide compensation for changes in cold 
junction temperature. 



Various combinations of metals are used to make up the dissimilar wires, 
depending upon the temperatures being measured. Kor instance, for temneratures 
r . up to '100°r, one thermocouple 1 wire; would be copper and the other eonstantan, 
which is an alloy of copper and nickel. For temperatures up to rtr>0°C f the wires 
are iron and eonstantan, for temperatures to 1 I 00 () C the wires are chrome* and 
aluruel, and for temperatures to I4()0°C the wires are* |)latinum and platinum- 
-rhodium. d 

• T * FL OW MEASUREMEN T 

In regard to the fl^w of a fluid in a pipe or other conductor, 4^'an be 
shown that, if there is on increase in the fluid's velocity, then there will be a 
corresponding decrease in its pressure; This is in accordance to Bernoulli's 
theorem which states that the sum of. the potential energy, the 1 pressure energy, 
and the velocity energy is ^flronstant for fluid flow in a conductor. 
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V This principle can "be used to measure flow In a plp^ constric- 
tion iri the pipe;* ;t he 4 co^!3triction : causes a velocity incrcase'and a^ corresponding 
pressure drop. X^s pressure dlrop. will vary as the velocity^ varies and the velo~. 
pity.wfil vary itvihe, flow varies; High flows give' high' pressure- drops, across tho < 
"constriction and vlqe Velrsa and the flow, is proportional to the square root of the v 
pressure drbp' produced by the flow,. \\. . \ ^ 

.... " : \ . v . ■ v: .;•'..•/ .. ;•• : 

For steam flow measurement, it is eustomarjidp use a thin plate orifice or 
nozzle as the constrictive device, . For liquid flow mehsurement, it is customary 
to use either a (teazle or & yenturi tube, although orifice plates are sometimes 
used. For gas flow measurement in a pipe, orifice plates are probably used more 
than other devices. For measurement of air or flue gas through a boiler", drops 
across various sections such as the air heater ot economizer qan be Used' In 




In order to measure the differential across the constriction or primary 
element it is necessary to use pressure taps. The location of these pressure taps 
in relation to the primary element is -extremely important. The manufacturer of 
the flow meter equipment will give exact instructions as tc* the installation of the 
primary,element and the exact measurement to bo used from the primary element 
to tlfe taps. The method of installing these taps is. also important if good results ; 
are to be obtained. 

The tap holes should be drilled radially to the pipe and at the exact location 

specified by the instrument manufacturer. For gas 'applications, taps should bi> 

located on the top of the pipe; for liquid or steam, at the side of the pipe. Under 

no conditions should they be located at the bottom of the pipe due to the possibility 

of dirt, mill scale, or otheff deposits. After drilling* remove all burrs and r.ourul 

all edges inside the pipe, when installing the tftp, elo not allow it, to project into 

the pipe as this will interfere with the flow pattern and cause errors in. regard to 

• * * 

the pressure differential being determined. 

Fi^. II shows the arrangement of an orifice* plate 1 with pressure* taps 
while Fig. 12 illustrates the* pressure variations produced by flow through an 
orifice plate. k > 

* ) ' 

Note that, in reference to Fig. 12, the* lowest pressure occurs at the 
point where* the fluid has the smnlle*st cross-pectionnl area and this point is called 
the* vena co n tra eta . It is locnteel a short distance downstream from the* orifice* 
plate 1 anel from this point t^he pressure* begins to iiierensc 1 again. 

I 
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Two other types of flow measuring constrictions, the flpw no/.zle and the 
venturi tube are shown in Figs, 13 and 14 respectively. 

' ' . / . • 
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Venturi Tube 
< Fig. 14 



The flow no'/y.le is much more expensive than the orifice plate and is more 
difficult to install, However, it requires l(?ss of a straight p:pe run before and 
after it thaiy does the orifice pl?)te and in addition produces l<;ss permanent pres- 
sure drop. ^ 

The venturi tube also produces less permanent presstire'drop than does 
the orifice plate and it has a smoother flow as well. Furthermore, it will handle 
i)0% more flow with the same pipe si/.e and the sanye pressure difference than 
will the orifice plate, However, the venturi is heavy and bulky and very expensive 
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Level measurements 'required in power plant operation include boiler water 
level, condenser hot well level, fuel tank level, storage water tank level, etc. 



A commonly used device which indicates visually the level in p tank or 
vessel is the gage glass. Another visual indicator is the float-weight device 
which uses a float attached t<xa weight by means of cables and pulleys. The float, 
is positioned within the tank while the weight hangs outside adjacent to a scale 
which is marked with units of level. Still another method of indicating level is to 
blow air at a given point below the surface of the liquid and then measure the 
pressure of the air balanced by the head of liquid. 

To provide indication of level that d^n be used to generates signal for 
control systems, other methods are used sufe^h as the float cage or, more usually, 
some form of differential pressure gage such as a float manometer. 

\ 

Float Cage Units * V 



Iq this type, the float cage or float chamber is mounted on the outside of 
the "pressure vessel and is connected at the bottom to the liquid space *)f the ves- 
sel and at the top to the vapor space of t(ic vessel. As alvesult, the float within 

the cage will rise and falf * 
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Float Cage Unit 
Hg. IT) 



with the liquid level in the 
vessel and this movement 
c*an be used to operate a 
valve 1 or to vary a control 
signal. 

Fig, IT) shows the 
arrangement of a Float. cajy^Lu 
unit which operates rrlevel 
valve. 

Note that with this 
type, the float cage is 
under the same pressure 
that exists in the vessel, 
therefore, some type of a 
seal must be U$pd at the 
point where the float arm * 
extends from the IJoat 
<*age. 
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rential Pressure Gage 



In this type, a mercury manometer, such as that shown in Fig; 16, is con- 
nected to the pressure vessel. The top connection from the vessel has a reservoir 
which maintains a constant head in the high pressure line of the manometer. The 
lower connection from the vessel has a j/aryi ng head due to the rise and fall of 
the levpl in theVessel and this varying head is^applied to the low pressure side of 
the manometer. This varying head will cause a rise and fall in the mercury level 
in the manometer and thus caus'e movement of the float. This movement is then 
used to vary a control signal. 
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, Fig. 17 shows the arrangement applied to a steam boiler 
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Float Manometer Arrangement 

In addition to the above 1 methods, steam boilers frequently use thermo* 
hvdrnulic and thermo-oxpansion devices tj* provide* level control signals and 
these latter devices will be discussed under* the heading of feedwater control. 
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CONTKOLLKKS, TRANSMITTERS, AC TUATORS - ■ 

_ — Y — ■ 

The basic components of :i control system. can generally be considered as 
the controller, the transmitter anil the actuator. 

» 

The controller is c(|uippc(l w ith a sensing device which recognizes changes 
in the controlled- variable such as steam pressure, steam How, temperature, etc. 
The controller responds to these changes by sending out varying pneumatic or 
electric-electronic output signals. These varying output signals are then res- 
ponded to by actuators or positioners which cause movement of valves, dampers, 
etc. 

Jn many cases, a transmitter is used to sense the changes in steam pres- 
sure, etc., rather than the controller, This transmitter then converts these 
changes into varying signals, either pneumatic or electric-electronic and trans- 
mits the^e signals to the controller which is usually located some distance away. 
In this case the controller would not be equipped with a sensing device as the 
sending is being done by the transmitter. The transmitter signal is also used to 
operate indicating and recording instruments, normally located in a central. con- 
trol room, which then'show changes in the value of the steam pressure or other 
controlled variable. 
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Rg. 1H shows a simple pressure 
control system where changes in the pres- 
sure within the pipe is sensed by a trans- 
mitter. The transmitter signal is sent to 
a controller and also to fin indicator and 
recorder located in the control room. The 
controller, which is located adjacent to 
the control valve, causes the actuator to 
operate the valve in accordance to the 
pressure changes within the* pipe, 



Simple* Control /Arrangement 
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A system which is used more often than that in Fig. IB is shown in Fig. 19. 
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Central Control Arrangement 
Fig, 19 



In the system in Fig. 19 tlfe controller, indicator and recorder are all 
located in aceentral control room where they receive the transmitter signals. The 
controller in turn sends a signal to the actuator to operate the valve in aeeordanee 
to pressure changes in the pipe. . 

With this method, the operator is able to make adjustments to the control- 
led without leaving the control room. Another advantage is that the controller is 
located in a clean environment where ambient temperatures and vibration aye not 
extreme. 

As mentioned previously, the control signals or impulses* may be pneu- 
matic or they may be electrical or electronic, The advantage of one system over 
the other depends upon the application requirement. The pneumatic signal is 
much slower than the electrical-elect ronie signal and lor long distances the trans- 
mission speed may be very important, 

The first cost of a fmeumatie system, however, is much less than an 
electronic system. The power output from a pneumatic controller is sufficient to 
directly drive an actuator while the output from an electronic controller is a eon-* 
trol signal only and therefore the actuator must havo#a separate power source 
which may be pneumatic, electrical or electric hydraulic. 
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" On-Off Controller 

; 

A simple sketch of the most basic of controllers appears in Fig. 20. 
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f FiR. 20 

s 

The unit shown in IMg, 20 is a pncumat'ic type and is known as an on-off 
oont roller. The sensing device which is not shown in the sketch, provides tWe 
input error motion winch, depending uj>on whether the value of the measured^ 
variable is above or below the sot point, will cause the flapper to be either held 
against the nozzle or away from it. If the flapper is held against the nozzle then 
Hie .output from the controller \\ \\ be at a inaxi mum, A Conversely , if the flapper 
is held awav from the nozzle, then the output from the controller will be at a 
minimum, 



' >r J?i )0 rl-i^-OL 1 ' Control 1 or \ 

The on-ofl controller sketched in Kig. 20 only recognized whether Ibc* meas 
ured variable* was above or below the set |K)int and therefore it controlled by • 
means of an on~oll cycle. To eliminate this cycling a proportional controller,, 
such as that sketched in Kig. 21, can be used. \ 



f The proportional ( a ont roller not only recognizes whether the measured 

varialde I:; above or be low the sot point, but it also takes into account the amount 



that the measured variable is above or below the sol point, 
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Referring to Fig. 21, the controller sensing device, not shown in the 
sketch, produces the input error motion in either direction according to whether 
the measured variable is above or below the set point. For example, if the 
measured variable is pressure then the. sensing-device could be a Bourdon tube 
and on an increase in pressure the Bourdon tube will move'the flapper toward 
the nozzle, This will cause an increase in controller output pressure. At the 
same time this increased output will act within the negative feedback bellows 
which will expand and re-position the flapper in a direction opposite to the 
original motion. The resulting effect of this is that lor every 'value of the meas- 
ured variable there* is one and -only one clearance between flapper and nozzle and 
only one controller output pressure. 

i 

The term «" proportional gain "or -"gain "is used to denote the ratio Of 
the change' in controller output to the c hange in the measured variable. To / 
illustrate, if the measured or controlled variable changes in the amount of 100',? 
of its range and this causes a 100', change in the controller output, then the gain 

i s 1 00 or 1. 'If a 'MYH change 1 in the controlled variable causes a JOtf'V 
100 change in controller output then the gain is [00 ■ • li, 

r>o 

.A limitation of a proportional controller is that it. cannot entirely eliminate, 
error and return the variable to the set point. There will always be a difference 
between the new corrected* value of thu variable and .the set point and this difference 
is known as M offset 
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This offset and the effect of gain upon the offset is shown in Fig, 22, 
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' , Fig, 22 

■ * 
It raft be seen by comparing the two graphs in Fig* 22 that increasing the 
gain of the controller will reduce the offset but will not eliminate it. If the gain 
is increased t<go much in an effort to further reduce the offset then oscillation or 
hunting of the system will occur. 
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The offset of the system can be eliminated by the additior^of the integral 
or reset device to the proportiohal controller, This integral device causes the 
proportional action of the controller to repeat itself until the controlled variable 
returns to its set point, In other words the integral or ruscjt device k^eps in- 
creasing the controller output until the variable is at the set point once again, 

A proportional plus reset controller is shown schematically in Fig, *2H, 
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T)w. controller in Fig. 2'A is in effect a proportional controller to which has 
been added an adjustable restriction and a positive 1 feedback bellow! ♦ Vjfrc positive 
feedback* bellows provides the reset action while the negative feedback bellows 
provides the pruportiomd action. 



The operation of the controller is as follows: When the. variable is at the set 
point the pressure in both bellows is the same, say Mf> kPa. If th<S variable in- 
creases above the set point the controller sensor, not shown, will move the flapper 
toward the nozzle. The controller output will increase to say -12 kPa and this pros** 
sure* will also exist in the negative bellows and wHI for aHhort time exceed that in, 
the positive* bellows. However, due to the air passing through the restj^jotion, the 
pressure in the positive 1 or reset bellows will also increase and the flapper wjll'be. 
moved toward the no/.zle. again causing a further increase in controller oylput ft?*' ■"■! 
say ."if) kPa. This further increase will return the 1 variable to. the set point ^nd.lljv 
flapper will mole 1 away from the no/./le oner again which will reduce r|fic y^rtfyilt'T-, 

output to say IM kPa and the vaniable will be maintained at the; se.»t pojrtt • ** ///' 

. , ;, -y 

■' 

I'he'Mhove operation is -shown graphically m Fig. 21 where £p bvllR' sj/i point 



and 



PV is the process variable!, say steam pressure. 
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The same situation fs shown in Fig. 25 Preference to boiler load, boiler 
pressure' and fuel valve opening. 
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In many, easel the variable '^li^^nciroai^rf^creiisc from the set point 
/ yeryriipidly ami at an inc reasf ng'ru^ all load is .suddenly lost. 

v'j[rom v a boiler then the variable 1 stea^'p^^ the set point 

rapidly M»d at an increasing rate., W,he*n iji^-jta^htf^tw fuel valve controller 
output must be increased ovi«i''TuHlrt5f' tluu/^t acl#y^>d by the proportional and 
reset action. This further increase is provided for by derivative (raft-) action. 



Derivativc'dr rate action is a mode of control that provides an output from 
?the controller that is proportional to the rate/of change of the deviation from the 
set point. \ . V . ; v... 



To add derivative action to a proportional plus reset controller it is 
necessary only to add a restriction in the air line to the feedback bellown-as 
shown in K^g. 26, , . ■' 
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Referring to Fig, 2(5 ■ when the yjiriablc'doviatos from^the sot point the 
'flapper- is moved by the .controller sensef*--, not shown, toward the no/zle. The 
derivative or rate iu?str^Hon. .oaiisesva time. delay in the action of the negative 
feedback- bellows which allows for an immediate and large increase in controller 
output. Thenars the output pressure seeps through t li < * rate restriction, the 
negative feedback bellows repositions the flapper giving proportional action. Ke- 
set action bv -the positive feedback bellmvsis -further, delayeddn* the reset or 
integral "Restriction. - 



* The final result of a proportional plus reset plus rate controller is a 
ciuLckcr return to the set point because tlie controller output causes the final con- 
trol element, . such as a fuePvalve, lo move further in the required direction than 
if only proportiotval -plus reset action was used and this i& illustrated bv the graph 
in Kig # 27. " V \ /' ' • 
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2. TRANSMITTEltS 

The transmitter is a device which measures the controlled variable and 
converts this measurement into a standard transmission signal such as 20 to 
100 kPa pneumatic or 4 to 20 milliamps electrical. This signal isjhen sent to 
a controller as well as to recording and indicating instruments."/ 



( 



Pn insure Transmitters 

. ; — , „ . \ 

The sensor, or measuring element, of most pressure transmitters is some 
typo ol bellows, Bourdon tube or diaphragm and the basic mechanism of a 
pneumatic pressure transmitter is the flapper - nozzle assembly. 

* . 

A pneumatic pressure transmitter is shown schematically in Fig. 28. 

* . . " . 

' In the transmitter in Fig. 2X when changes in the measured pressure occur 
the measuring hollows will move the flapper in. relation to the noy./.le. This will! 
change the output pressure or signal from the transmitter. The feedback bellows 
winch >s acted upon by Urn outp.it pressure,,. repositions the flapper and in this way 
the output* is kept in proportion to the mensural variable. 
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The electronic pressure transmitter in Fig, 29 consists of a movable 
beam, detector, oscillator, magnet unit and Bourdon tube sensor. If the pressure 
being measured is at a minimum then the gap between the beam and the detector 
coil will also be at a minimum. As a result the inductive reactance in the detector 
coil will be at a maximum and therefore the output from the oscillator will be at 
a minimum value (4 ma ). When the measured pressure increases, the Bourdon 
tube will move the beam away from the detector coil thujp reducing the inductive 
reactance and increasing the transmitter output.' This output current passes 
through the magnet unit which exerts an upward force upon the beam that opposes 
the force of the Bourdon tube. This magnet unit can be compared to the, feedback 
bellows in the pneumatic transmitter in Fig. 28. 

The zero spring and span adjustment are used for calibrating purposes. 
Whenthe value of the controlled variable is at minimum the zero spring adjust- 
ment is used to adjust the detector gap so that the transmitter output is also at 
minimum. As the controlled variable varies over a desired range, the trans- ' 
mitter output varies from minimum to maximum due to the span adjustment. 

Level Transmitter 




Pneumatic liovH Transmitter 



* Fig. 30 shows a schematic' sketch of a pneumatic level transmitter which 

uses a float to move the flapper as the level varies. This changes the transmitter 
output and the feedback bellows repositions the flapper to keep the output propor- 
tional/ , 11 * 

* : • ,. , ; • 

Klow Transmitter * 7 / , . ' 

The pneumatic flow transmitter shown in Fig. SI uses an orifice plate to 
produce a pressure drop which varies with flow and a bellows type sensor to 
measure the pressure drop. * 
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The bellows moves the flapper in relation to the nozzle thus varying the 
transmitter output. The feedback bellows maintains the proportional action. 
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Pneumatic Temperature Transmitter 
Fift. 32 

Fig. is a schematic diagram of a pneutvatic temperature transmitter. 
The thermometer bulb causes a varying pressure within the Bourdon tube as the 
temperature changes, T v he Bourdon tube moves the flapper in relation to the 
nozzle and the output is maintained in proportion by the feedback bellows. 

/ 

3. ACTUATORS 

■ ■ s 

Actuators are the devices which reoeive the output signals from the con- 
trollers and convert these 1 control signals ufeicchanical motion in order to 
operate valves, hampers, etc/ „ * n 

Actuators may be classified according to the type of signal they receive- 
pneumatic, or electric. They may also be classified according to t he* method used 
to convert to mechanical motion and this method of conversion may hi 1 either 
pneumatic! or some form of olcctrjixKyKtcm.- A further classification of actuator*- 
has to do with the type* of mechanical motion which they produce, rotary or linear 
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Fig, 33 shows a pneumatically operated diaphragm actuator which pro- ] 
duces a linear motion to operate a valve* In operation, this Actuator receives * 
an ait; pressure signal From a controller through the air pressure connection 
above the diaphragm. Usually the air signal ranges in value from 20 to 1 (JO kpa 
depending upon this, value, the actuator diaphragm will move tin* valve a certain 
amount. In moving downward, the diaphragm works- against a spring w hi eft ' 
returns tin? diaphragm when the signal pressure reduces, The adjusting screw 
allows lor selling of the spring compression and it is usually adjusted so. that the 
valve stem- j?ist starts to move when the signal pressure is at the minimum of 
Jo kPa. . * * 



Normally the position of the valve depends upon the* control signal. How- 
ever, due to valve stem friction or process variations, the* position of the valve* 
may tend to d\viatc from that desired. II this is the case, a positioner -is {usually 
used in conjunction with the actuator. 



Basically the positioner is an amplifier taking tluvfcontrol signal at low 
pressures and using a higher pressure air supply to movfc the actuator according 
to variations in the control, signal. 4^ \ 

A schematic arrangement of a positioner appears in Fig. 34. 
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Positioner Arrangement 
Fig, 3j 
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valve stem *■ 



With this arrangement the Control signal is applied to a bellows which 
positions";) flapper in relation If) \\ nozzle. An increase in control sign.nl pres- 
sure will move the flapper- closer to the nozzle causing the nozzle pressure to 
increase and downward-movement of the valve stem results. As the valve stem 
"moves downward (he flapper is moved awav Irom the nozzle giving proportional 
action and stabilizing the valve movement. It valve stem movement is. prevented 
due to frietion'or other cause, the nozzle pressure will continue to increase 
until the. resisting force is overcome • « « «i 

A schematic diagram of an electrohydnrulic positioner- actuator appears 
in I ig. M.'i. In this type the control signal is electric and the mechanical move- 
nmcnt is linear and is produced by hydraulic action on a piston. 
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Referring to Kig. 3f> » the electric motor runs continuously driving*the oil 
pump which produces a high pressure flow of oil through the nozzles N] and N 2 , • 
The control signal is applied to a force coil and on an increase of signal the coil 
will move within the core surrounding it, This moves the beam and restricts 
nozzle Nj causing a buildup ol pressure above the piston. As the piston moves 
down, the feedback cam allows the beam to be repositioned. It the signal decreases;, 
nozftle N 2 will be restricted and the piston will move»Upwardly f The fnovement 
of the piston rod can be/used Jto position a 4/alve, damper etc. • * ' 

KKKDWATKR CONTRO L SYSTEMS . 

, . , , • , x 

Most shop-assembled boilers in the lower capacity range and the lower 
operating pressure rijinge are <&uipf)ed with self-contained fcedwater systems of 
thetthermo-hydrnulti or tkermo-expansion typtes. For higher capacity boilers 
and those operating J^-fii/hcr pressures, a pneumatic or electrically operated 
feedwater control system is used. These may t\e single, two, or three element 
, types. . 

: ; ' ' " v A 

r r her mo - hyd r au 1 i c Kcgu 1 a tor ^ \ 

This system consists essentially of n feedwater regulating valve which is 
actuated by a generator. The genet^jtor consists of two tubes, one within the 
other The ends of the inner tube are connected to the steam and water spaces * 
of theWoiler thus the level of water in the inner tubo'wijl t>e the same as the 
boiler drum level. The outer tube is connected at the bottom to a bellows on 
. the feed\Vater regulating valve. 1 *' 

To put the regulator into operation .the outer tube an 1 the bellows atjjj filled 
with water and scaled Off, In operation the heat from the stcninjn the upper por- 
tion of the inner tube causes the surrounding water in the outer tutjj/to flash to 
steam, forcing water down into the bellows until the water levels in the inner and 
miter tubes are equal. This will cause the bellows to expand and open |lyr M fccd~ 
water valve in direct proportion to the water level in the generator, 



II tin. 4 water level in the boiler and therefore, in thetlnner tube risps, some 
of the steam in the outer tube will condense* which will. decrease? the pressure in 
the bellows. As, a result the feedwater valve 1 will close in proportion. 



Fig, Ml! shows Jjhe arrangement of the thermo-hydraulie .r«jpfilator, 

) 
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Thornio-hydraulic Control 
Thcnno-c^jwnslon Regulator f 

9 

'Phis regulator consists essentially oi fctube mounted on a rigidbeam. 
tube is connector! to tin* steam and water space's t>i the 'boiler, the wfiter. level 
the tube thus varying witli the water level in the boiler. 



he 
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Upon a clfop of water level in the boiler, the* water will also drop in the 
tube thus .exporting more<o|fcits length to high temperature steam. This causes the 
tube to lengthen due to expansion and this movement is transmitted by a linkage 
to ,yfeedwater regulating valve causing it to open, When the water level increases, 
the tube will contract duoHo the effect of the comparatively cool watei^ This 
movement will tend to cloju 1 the regulating valve. 
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Single K lenient Focdwator Control 
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,. * Single Klomont-Control r 

* * ft 

Referring to the single ohlnont control in Kig. the 1 drum level trans- 
milter sends :i signal to the controller w hich applies proportionat-fdus-integral 
action according to the difference between the drum level signal and fhc set point 
and thus the (itaition of tin* focdwatcr valvi 1 is changed. * 

* 

This type of control will maintain a constant drum level for slow load 
changes blit during niore rapid changes it will not compensate for swell or 
shrinkage, I/oad increases create sxyell which causes I he 1 single* element control 
lo sec 'an increased 1 drum water level. This results in the control reducing feed- 
water I lout when, instead, an increased flow is reciuired because* of I he increased 
sleainflyu Irom The boiler, (/(Inversely, load decreases cause shrinkage so the* 
control will sec a low drum level and will admit large 1 amounts of water into the 
boiler which are not required due 1 to decreased steam (Tow, 



I'KI 2 1 1 :\v.) 

4 .., -,pv AVAILABLE 



8/ 



Two Klemcnt Feuclwater Control 
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'Plic two eje'tnent control in Kitf. measures and responds to two vari w 
ables, steam (low. and dvum It; Vol. The steam flriw measurement' maintains iced- 
water How proportional to steam flow and the drum level measurement corrects 
for any imbalance between wat&r input and steam output. In this way, the control 
cay make the necessary adjustments to cope with the swell and shrinkage eharae- 
teristics of the boiler. . ' ' 



Three- Klenient Keedwnter Control 



The three element (control in Ki£. 9 M) incorporates steam flow measure- 
ment, teedwater How measurement, and drum level measurement. The steam 
flow measurement provide^ set point for thevsteam flow-Witter flow controller 
■^fc'ccdfiiiok is pv^jjtfrd by the foedwator flow measurement and <«***hvater flow is 
pitched to steam flow. DiHuri level measuremeftt keeps the level in the drum 
from varying due to flcjw met^r error's, blowdown, etc, + 
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Three Element Control; 
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COMlUJvSTJQN CONT.UOL SYSTKMS ^ 

"The co'iribufetion process jn thfr boiler furnace nui tit hi? regulated -in" afccor<>. : 
anco to Iho 1 demand for stoam from th'c boiler v .If/the slt'amldem.and itferroiiscs, ;•: 
then so \\\yif\ the combustion increase, irjfordiir- to maintain th<» required steam '. * 
pressured Simitarly, U'tyt sUuioV.floVand dropsy- thprijtjvo eonmuMio'niof fuc-l 
must be. reduced,, accordingly, * V *tf ' '.< ' '"V ■ / 

Combustion regulated by controlling f^l (low and air flow into the'' 
furnace and the flow of combustion products but of the fih'n^c^ In addition to 
f»ak'iiu.» sjire that suffieiont'Muol and airfare admitted,4he control mu^f maintain! 
c proper ratio of air to' fuel in". order to achieve' safe and efficient cfmhustion 
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s . ; l'oni!)ustion control' systems can bo ontofcori/.od as on-off, positioning 
and mctcr yiK. . • ■,' ' " , v ; : 
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On -Off Control 



On -off control systems, also called two-position systems, arc fojund only 
on flretube and small watertube boilers. The .main control element is a bellows 
operated switch which is activated by the boiler steam pressure; When the pt'es-* 
sure drops to a preset " cut-in " value the pressure switch starts up the draft " 
. fans and the burner. When the boiler pressui'e reaches a preset " cut-out " value 
then the pressuro v switch shuts down the boiler again. . • . • • 

The main disadvantage of thi^ system is that the boiler operation is in- 
eificient ylus yie .fact tha'f boiler prfcure varies appreciably between the " cut-in " 
and the "cut-out "point. ..." . 7 
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. • /:••>/* ' irt'tlns system, as in the pn-off control, steam pressure is the measured 
-Mjiriable, \ The master controller responds, to changes in steara pressure by 

-° ninK (lr JV|t <lam.pers and fuel valve by means of actuators-in order to nrtiin- 
'.;* tl\i?.'fi ring Vajte in accordan cc to boi 1 er load . ' ' • • 

..,•....•.':.;;.••'>,„" %' ?'|%W >s1 : '«vniple .. a r range men t of positioning control is to have the master 
...^cbh'Crolicr operating a • jaokshatf^Tlm j ackshafl is linked to the damper anef'the 
fuel valve arid operates these in parallel. . ^V* * 

' ".' Another simple arrangement is, to have the master controller send a 

signal in, parallel to the damper actuator "and to the fuel valve actuator. This > 
. arrangement -can 'be i m|/rovcd. by mending a "mantra 1 ai r/fuol rati o adjustment 
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"Parallrl Positioning Arrangement 4 

:Kig;'v4° -^uVv^lluv t]i^t?t» positioning 
control ar rhnKOibcAtX^c^cr^tKl above 1 , 
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Metering Control • : 

.In the metering coritrol system- the* master controller sends signals to the 
fuel Valve and draft damper.s as was done in the positioning system. However, 
with motoring control tlfeso controller signals are modulated fh accordance to 
actual fuel and air.' flows which are measured or metered. In this way an optimum 
fuel/air ratio can be maintained over the entire operating range.- 

V ', t " ... 

The metering control; system may be arranged in series or parallel, A 
block-diagram of a.series arrangement is shown in Fig. 41. 
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Metering Control Series Arrangement ' 
i' ■ ' Hg. 41 , 
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Referring to Kig. 41, on a change in boiler pressure the master controller 
signal will change causing the airflow controller to adjust damper position by 
means of the damper actuator. The air flow transmitter will sense the change in 
air flow and a feedback signal will be sent back to the air flow controller., The 
same signal will be sent through the air/fuel ratio adjustment to the fuel flow 
controller which will reposition the fuel valve by-means of the fuel valve actuator. 
The ftrcHlow transmitter senses the change in fuel flow and a feedback signal is 
sent to the fuel flow controller. The amount that the fuel flow changes witjh a 
change in air flow depends upon the air/fuel' ratio adjustment. , I 

'!"•.. 

" The parallel system of metering control is more commonly used tnan is 
'the series system because it offers greater response to load changes since air 
and fuel flow corrections, are made simultaneously. 



A block diagram of a simple parallel system appears ^n Fig. 42, 
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Metering Control Parallel Arrangement 
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Referring to I--ig. 42,' if the steam pressure decreases from -the set point 
of the^steam pressure transmitter/controller then this controller will transmit, 
a dem:ind signal to the air flow controller which compares the new air flow re- 
quirement with the metered feedback signal from the air flow transmitter. The 
resulting corrective output signal is sent to the air flow control drive which 
opens dampers 1 or increases fan speed until the actual air flow matches the' 
demand signal. 1 At the same, time the signal from the steam pressure transmitter/ 
controller is also being received by the fuel flow controller which compares the 
new fuel flow requirement with the metered feedback signal from the fuel flow 
transmitter. The resulting corrective outjwt signal is sent to the fuel flow control 
drive which adjusts the fuel valv« until the actual fuel How matches the demand 
signal. • \. 
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Combustion Control Arrangements 

It is necessary that the amount of combustion air be proportioned to the 
amount of fuel being burned and this proportioning $an be done manually or Auto- 
matically, The amount of air supplied must be over and above that required for 
theoretical perfect combustion in order to assure that sufficient oxygen contacts 
all the fuel. This air is referred to as fcxeess air and it mu£t be kept to a mini- 
mum otherwkp boiler efficiency will decrease. Conversely if insufficient excess 
air is sypplien then incomplete combustion will result giving lower boiler efficien 
cy as well as the formation of combustible products that can present an explosion 
hazard in the boiler furnace and passes. 

In order to determine the amount of air required for Varying boiler loads, 
three basic guides are used for contrpl systems. These are steam flow-air flow, 
fuel flow-air flow, and gas analysis. 

1 , Steam Flow- Air Flow • 

As mentioned in the previous section, the prpportiomof air tb fuel 
(air/fuel ratio) is extremely important as far as boiler efficiency and safety aVc 
concerned. The most direct way to determine whether the air and the fuel arfe 
in the correct amounts would be to measure 8 the fuel flow and the air flow and' to 
adjust them when necessary in order to maintain the correct ratio. .However, 
with certain types of fuel* 1 such as coal, it is difficult to measure fuel flow, In 
these cases, the steam flow is measured and is used as an indicfWion of fuel con- 
sumption or heat absorption. The air flow is also measured and is maintained in 
a yerfain- ratio. with the steam flow . In this way a ratio is indirectly maintained « 
between the: air flow and the fuel flow, 

A block diagram of a steam flow - air How. combustion control system is 
shown iji J*'ij^ M< « 

Control symbols used in Fig, *K5 are defined- in Table 1. ' 

Ueferring to Fig,-IH; upon a change in boiler pressure, the steam pres- 
sure transmitter will simultaneously signal a change in both. fuel flow and air- 
flow through the steam pressure controller \md boiler master controller. The 
correct air/fuel ratio is maintained by the combustion controller which receives 
signals froin the steam flojfr transmitter and the air flow transmitter, 
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• * 
Control Symbols ( 

fable 1 , ' 

A change in the air 'flow to the fAirnaceJ/ill cause a change in furnace 
draft and the furnace draft, controller will change the, uptake draft to maintain the 
correct furnace draft. 
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2. Fuel Flow- - Air Flow 



The fuel flow - air flow system can be .used where it is practicable to 
measure the fuel flow to the furnace as well as the air flow. These measure- 
ments can then be used to maintain the correct air/fuel ratio.. 



Fitf. 44 is a block diagram of a fuel flow-air flow control system for a 

dual fuel boiler which can burn oil or gas separately or together. 
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In the system in Ki^. the fuel ami air Hows are controlled according 
to changes in boiler stoamj)ressure. The steam pressure transmitter signals 
through the boiler master to l)oth the forced draft fan control and to the fuel con- 
trol valves. The fuel flow is then readjusted to maintain correct air/fuel ratio 
by the fuel/air controller. 
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:{ - ( ' as Analysis 



( Gas 'analyzers can be uac:l to maintain correct air-fuel ratios. I'lue gas 
samples arc'cOntinuously jmaly/od and indications ar.o made of the amounjts of . 
oxygen and combustibles present in the flue gas.. vThe percentage offoxygAin the 
fWgas relates to the air/fffel ratio and- a signal frwrn'the analyzer can be used - 
for control, purposes in adjustingine air flow to^he furnace. 
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A block diagram illustrating a system of combustion control using a gas 
analyzer appears in Fig. 45. • 
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Thu system in Fig. 45 is for a eyolbne furnace fi/ecl boiler'. On a change \ 
In firing rate demand due to a change fn boiler pressure, a signal* change Is sent 
to the coal feeder speed control and to the eyeloncpalr damper. The air flow is " 
-readjusted to maintain the .correct air/fuel ratio by, a signal from the flue gas 

• oxygen analyzer, - ' , " . 

A new concept for a combustion control guide is megawatt generation-air. 
flow, TItc megawatts generated represent a direct index of heat input to the unit * 
and this system is mort; accurate than the steam flow-air flow system As the 
/ relationship of steam flow to heat input can be affected by 6hanges to feedwater or £ 

* steam temperature. This is because a variation of either temperature necessi- 
tates more or less transfer of heat to each pound of stqam. Thp megawatt gener- 
ation-air flow method is now l>eljig applied in new boiler instrumentation and con- 
trol systems for stearm electric generating plants* * , 

i 

STKAM TKMPERATURK CONTROL ' • •. 

: — 1 ' > " , ' 

In the case of steam generators which produce superheated steam, it is | 
accessary to maintain the temperature of the superheated steam at a constant 
value. The following reasons make this particularly important when superheated 



steam used to drive a turbine.' 

1. Turbines arc* designed to operate most efficiently under set' 
0 conditions of temperature/ 

JStoam temperature- changes will causae differenti':Tl expynsion 
, or contraction between thi' turbine rotor and a the turbine casing 

!5, Kxeessive rise in steam temperature will cause weakening of 

metals used in both the superheater and the turbine. * 



I, Kxeessive drop in steam temperature will result in condensation. * 

taking place in the turbine low pressure stages wilh subsequent 
blade erosion and loss of efficiency. 

♦ • i 

* 

i'Jhe main prohleiw&in steatn temperature control is to maintain the safne 
final steam temperature at both high and low loads. One oV more of t\ie follow- 
ing methods may be used to achieve this control. , 

1 . I >esuperheatjng * 1 . < las' bypass 

2 4 Attemper a tion , f) # Twin furnace 



T (tas roeireulatiem 



(i. Tilting burners 



These methods were all described in Lecture \\ s Section 2 W 



( 



. i 



9> 
< 



(Im:i-u-] i -12) 



ERIC 



9/ 



j Because 6t the thermal inertia in nlrtfe superheaters, the.rjisfponse of 
steajn temperature to the controlling mechanism is quite slow. Therefore in 
order to anticipate any steam teinperatiire, changes, the combustion air flow^or 
the steam flow is measured and a signal transmitted winch governs the initial • 
adjustment of the control, the finAl adjustment is by final steam temperature. 
This arrangement is' known as a two element control, the two elements being air 
or steam flow nm\ final steam temperature. 



An improvembni on the fqregointf system is the three element control 
which can be used wij^spray atternpcratprs. Fig, 4(5 illustrates the arrange 



ment. 
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Three Klemrnl Temperature Control 
(liahcnek and Wi leox) 



In 4he ;;yst<Cni in V'\\\. H>, throe signals hit received by Hit* altomporntor 
rci'.ul:>l ii'C valve relay, One signal I'romMhe flow inkier (strain «>r air), one 
signal Iroin I ho thermal element lornled'altor the atlomporalor spcayne/./lo and* 
' boWoil.he second slaw superheater, and one signal I'roimthe thermal element 

located after the seej»nd«shi|.',o superheater (third strain temperature ), The initial 
f .response lo temperature rlmmjes >« provided by the siuiial fnyn t.he I'fow meter 
• ;ind4lie signal from the thermal (dement located just, alter the nllempeintor spVav 
no/./.lc, Kinal adjustment is according to ITnal •:team«temperahu , e as sip.nal 1<*<I 4)y 
^Jhe thermal element located after the second nl:i(-e superheat or . 
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Q UESTION SU KKT * . 

• POW KKJKNGPj E Kit I N < 

• V ^ ' First Class p 

* ' - .Se pt. 2, Le cU__l_l_ 

i * 

1. (a) Sketch, describe, and eompar^the three principle primary flow" 

elements used to create differential pressure, i'n a line. 

' « y (b^ Explain the, relationship between flow and differential pressure . j 

- • * v • • • ' 

2. Sketch ;ind describe. briefly the arrangement of a float manometer usc\l 

for.boiler'watar level indication, , , 

• ■ * » '- 

3. Describe the functions of the flowing control components:' 

• (a) thfe controller 
(b) the transmitter/ • 

/ • 

(e) the actuator v . • * , 

4. With the ;ud of simple sketches, define^ and explain: , 

I 

(a) ^ On - off action 

fb)v proportioned action , 
(e) integral action . ^ 

(d) derivative 1 action ' 
r) * Wilh„|hc aid ol sketches, describe the operation bf the following: • 
(a) pneumatic transmit tor ' /' a 

i ■ 

(i. Kxplain tlx* purpose 1 /)! a* positioner uscMLin con junction tvith an actuator 

/. Describe briefly the basic arrangement of c.iehjjf ihp following feedWater 
control systems; ' k * / 1 

(a) single element^ 



(b) electronic transmitter 



V 



(I)) t\$7o element 



(e) throe element- , * / 

• , * \ ■/'"... 

\ /. (Continued) 



' ~ 2 ~ 

I • • *. 

« 

H, Describe generally th^ following combustion control systems: 

» » 

. - . • (u) On - Off * ' ... 

■(b) positioning . % * ' 

* (c) metering 

<J. , Explain the principle of operation of each of the following combustion' 
control arrangements; 

II 9 ? 

(a) steam flow-air flqw . 

(b) fuel flow-iair flow 

I -.4 J 

t 

"N * 

10. Discuss steam'temperature control with reference to methods, problems, 
and necessity. / 



J 



/ 
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STEAM — PURIFICATION 




Goal: 



The apprentice will be able to * 
describe the process of steam 
purification. 



1 



v % ■ 

1 * * 



performance Indicators: 



1. Describe steam separation, 

- « 

^ 2. Describe steam Scrubbers. 

3 . Describe 'superheaters .* 

4, Describe. steam traps. 
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* Read the 'gdal and performance indicators to find what to be learned fronf 
nackage. r 

v ' f ' ' 

* Read the* vocabulary list to find new words that' will be used in package. 

9* 

* Read the introduction and information sheets. 

* Complete the job sheet. 

* * *« 

* Complete self-assessment. 

* Complete post-assessment. . . 
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* Baffle type separator 

* Balanced pressure trap 

* Ball float trap 

•* Centrifugal type separator 

* Controlled: disc trap 

* Inverted bucket trap 

* Liquid expansion trap 

* Mechanical traps 

* Metallic expansion trap 

* Scrubber elements 

* Sediment separator f 
*< Steam scrubber 

. * t> 

* Steam separator 

.r I 

* ; Superheater 

* Thermodynamic traps . . 

* Thermostatic traps 

* Tilting disc impulse trap 



r 




■ . I 



Of 

of ; 



; The purity of steam that enters the turbine will determine its efficiency 
operation and its machine life. Steam purification refers to the removal 
condensate from steam. , | 

Several pieces of specialized equipmeht cJSitribute to the. purification process. 
Essentially, steam separators, scrubbers, arid superheaters remove* the tteisjbure ; 
from steam. Steam traps collect and disjposp of the; condensate w^thotit a .loss' of 
steam. Although * steam ' separators* are commonly ref erred \po\: 'as'"'. yntifier^ 
-scrubbers, superheaters and traps ate vital to completion, of tljfti\v £^cat: jLon* 
process. . , r ■ \ ■>< " • " " ' 1 ■'■*'■'■ ' ^ '■' '* 
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Steam purification refers to the remove^ of condensate from the steam along with 
air and carbon dioxide. As steam-flows through a- pipe it tends to cool 'and 
condense. This produces condensate (water) which can cause a rupture of 'the 
piping due to .water hammer or cause erosion damage to the turbine blades/ The 
major piece of equipment for ..steam) purification is the steam separator . . 

Steam Separators v „ 

There;:'are two basic types, of steajn separators :.■ • ? * } . 

1. , Baffle type . ■ ■ ]■■. '/' * ," , * --.y v . 

♦ 2. v.: Centrifugal; type /. } 

The baffle type. steam separator is usually ^ 
3-ocated ^Ln the . main steain drum and* is ; part^ Y. 
of the drum internals. , It has corrugated 
baffles and: Walls which collect moisture ' 
and reverses the steam flow. The reversal 
'of steam flow slings the water particles 
out: of the steam.:. »'•• ,J^:T" '%•■':*> >"'.' : -' 

' ^ r ' r'';. ' ?^?'y -:- ; v; ^>'----' ,a-V- .. ,.. . •. , ... 

The. centrifugaJ^ype separator 5 uses centrifugal baffles to swirl the;steam which* 
tosses the water particles j:© the side walls. The separated wat*f drains out . 
Hie purified steam;; .paisses through : the? baffles to the o\itletv ^V*!-*"'" 

•CENTRIFUGAL BAFFLES 




, ' . r ' 




, , . ..SE^ON pARY BAFFLES pRA|N 
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Steam Scrubbers " 



A second stqge of purification' is performed by steam scrubber^. A scrubber 
consists tff corrugated steel plates or scrubber elements . -The scrubber elements 
are closely arranged and overlap slightly. The steam is forced' to change 
directions $s it passes over the corrugated sections of the scYubber. . Mbisture 
and solids that^escaped through the .separator are thrown out of the steam flow. 
The vwater drains but and the steam moves upward to the outlet. 



\ 
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§team Washer 



Superheater 

After the saturated steam leaves the drum it is pi^p$<f to a specialized heating 
surface that is called a superheater. *The superheater wrings all remaining 
moisture from the steam by heating the steam well beyond the temperature of 
saturation. thisj:s the thir^i stage of the purification process. A superheater 
consists of several parallel tube circuits that run between headers; 



Superheaters are classified according to the way in which they receive heat 
% jradiant f convection or a combination. They can be classifieds according to the 
location of the headers — overdeck, inter deck, 'interbank and intertube. Some 

superheater arrangements are shown below and on t£ie next page. ^ 
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Steam TRAPS ' * 

* - * * 

Steam traps ar^ an important part of the steam purification process. The « water 
removed in separation must be drained off without allowing steam to escape at 
the .same time. Several types of traps have been demised to remove the Water 
from separators and lines. These are classified according to the principles pf 
operation. •-. ' 

1. Mechanical Traps 

( a. Ball float type ' 
b. Inverted bucket type * 




2. Thermostatic Traps 



a. Balanced pressure type 

b. Liquid expansion type 

c. Metallic expansion type 

♦ Thermodynamic Traps 

a. Tilting disc ^impulse type 

b. Controlled disc trap 

4 



/ 



Th# mechanical traps operate by a float mechanism which responds to the 
difference in densities of steam and water. Both the oall float and inverted 
bucjcet traps operate on mechanical principles. 
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Inlet 



Vent 



Invented 
Bucket 




Ball Float Trap 



The .thermostatic trap operates on the 
difference in temperature between water 
and strain. The hot condensate enters 
the trap and heats an alcohol mixture 
that is encased in the trap* The 
heating of the alcohol causes increased * 
pressure and the discharge valve closes, 
As the condensate cools ♦ the pressure 
will be reduced to open the valve • A 
balanced pressure trap is shown* 



8 
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• 

Information 



Thermodynamic traps Respond to the heat of the steam and condensate 
controlled disc trap diagram is featured below. 



CONUM CHAMaiR 



HIATINO CNAMftC* 



CAMULl 



INLIT OMiriCI 

'OU^ICT MSSAOli 




Sediment Separator < 

Some provision must be made for keeping $cale deposits from fouH^| up 
* traps. The traps should be fitted with strainers to screen out dtfbris. 



the steam 



trap 
v 

Trap Piping ' * 

- v 
The installation of trapes should allow for clean out and repair 
arrangement for trap piping is shown in the fallowing diagram. 



A typical 




GlofeVtlv* 




Rtotni 
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* Read pages 1 - 15 in supplementary reference, J 

* 4 

* Complete self-assessment and check answers. 

* • Complete 'post-assessmenfc-^nd have instructor check answers , 
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Assessment 





l r 



Match the fallowing terms and phrases . 
I. Steam purification 

2. Baffle type 



3. Balanced pressure 



4. Inverted bucket 



5.^ Tilting disc impulse' 



6, Convection type 



7/ Steam scrubber 



8. Steam separator 



9* Superheater 



10. Scrubber element 



> 



\ 



A, " A type of superheater 

B. Second stage of purification 



C. First stage of purification 

■* 

Di Removal of condensate from steam. 

j 1 

E. fKird stage of purification 



F. A thermodynamic trap 
4 



G. A type of steam separator 

H. A mechanical trap 

I. Corrugated steel) plates 
J. ,A thermostatic trap 
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Self Assessment 
Answers 



D 



B 



E 



\ 



i, 
2. 
3. 
4. 
5. 
6, 
7*. 
8. 
9. 
10. 
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Assessment 




1, List two major types of steam se^rators, 

2. Where are steam separators psually located in the steam j|(lant? 



3. What "is J £team purification? 



A* What equipment is used in the second stage of steam purification?" 



5. What $re the corrugated steel plates of a scrubber called? 

f . 

• * » 

6. What is the name of the specialized heating surface that takes over the 
third stage purification of steam? 



7. List three types of thermostatic traps* 



8. List two types of mechanical traps'. 



9, List two types of thermodynamic traps* 

10. List three types of superheaters based on the way they' receive heat. 
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Instructor 

r 

• Post Assessment 
Answers 




1. Baffle, centrifugal. 
2. . Steam drum 

• ■ • 0 

*. . 

• M 

3. Removal of condensate 

4. Steam scrubDera . 

! 
f 

5. Scrubber elements^ ( ; 

* * ■ i 

6. Superheater . | 

j 

7. Balanced pressure, liquid expansion, metallic expansion ^ 

s 

8. 'Ball float, inverted bucket . 

9. Tilting disc impulse, controlled disc *' \ 



10. Radiant, convection and combination 



/ 
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I » . . . 

Correspondence Course. Lecture 11 Section 2, Second ' Class. Steam-* 
Generators. Southern Alberta Institute of Technology. Calgary, Alberta, 
Canada. ♦ • * 
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* PIPING II 

* . _ 



CONDENSATE HANDLING "* ' 

It is nqeessary that all steam lines be constantly and adequately drained 
of condensation. If this is not done then the condensate willbe carried al6ng 
with th' team and may produce water hammer and, as n result, rupture of 
pipe's ami fittings. In addition to the danger of water hammer, the conden- 
sate may be carried along with the steam* to engines and turbines with re- 
sulting damage to this equipment.' / 

f ■ Drainage is necessary even in the case of pipelines carrying super- 

( heated stbam, as coiulensation forngs during the warming up period. Also, 

after the line has been warmed up and put into service/ there is a' possibil- 
ity that water may be carried over from the boiler by the steam. . 

The drainage system must also remove air and carbon dioxide from the 
pipelines, otherwise pitting and corrosion will occur., [ , 

Drip or drain lines should be installed at all points^where condensate s 
may collect such as: Miead of risers, at ends of mains, 1 ahead of expansion 
joints and bends, :uxl ahead of valves and regulators. If the pipeline does 
not contain natural drainage points such as thost* listed ab'ove, then drains 
should be provided at intervals of 150 metres. At each point of drainage 1 a - 
drip l^g should be presided and these drip legs should be* the same diameter 
as the pipe up to \ 02 mm size, and at least 102 mm diameter for piping 
larger than 102 mm si/.e. The purpose of tin 1 drip leg is to 4 allows he con- 
densate to escape 1 by gravity- from the Tast moving steam* . * * 

Steam Sepa rato rs 

J Steam separators, also kjnown as steam purifiers, are designed, to sepr; 

a rate condensate from the steam. They not only remove moisture droplets 
and other suspended impurities, but, will also remove pockets of water which 
are moving along with the steam. 

(The separator either causes the steam to suddenly change its direction 
ol How or 4 else it imparts a whirling motion to the steam. Huth of these 
, action: cause (lie moisture, and other 4 particl'es to be thrown out ol .the- steam 
st ream . i * 
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Baffle Type Steam Separator 
Fig, r 



The separator in Fig. 1 features a corrugated baffle and corrugated 

walls. These corrugations serve to -collect the moisture and, in additipn, 

the baffle causes a complete reversal of the steam flow, which causes the 
moisture particles* -to be thnftvn out, w 




Centrifugal Type Stearh Separators 
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V The separator In j-'ig, *2 makcs/iise'- of centrifugal bnfftes to «iyo the 
steam a whirling motion, H'he moisture .particles.' arc. thrown out; to^the in- , 
style- wall of the separator and, .then /paps to the drain/ The purified steam 
>then passed, through secondary ;baffles to the s epara : tor • '$Utl#t ; •.•The ' secondary 
baffles . Are used to reduce the /.whirling motion of .'the leaving steam. v f: : . 

••■ "V :/■'■;>■■•.. ' ,=.•... : 

The condensate ■collected by the steam separators is^draine'd. off from 
them by. means of a trap! Gage glasses are sometimes provided on' the sep- 
arator as in Fig»/*l in order to ascertain if .the trap is working satisfactorily. 
A better way of checking on the operation" of the trap is to use a lest valve 
at the trap outlet. % 

' > \ ■ 7 , , . • . 

Steam Traps v 

A steam trap is a device which is used tp discharge the water of con- 
densation from steam lines, separators, . and other equipment without permit- 
ting syfeam to escape. The method by which the trap performs this function 
vane/ with the particular design of trap. However, no matter what principle 
of operation is involved, all traps should provide the- following: j^y ' 



1 . Long life and dependable service. 

,i * 
v v> 2, Resistance of trap parts to corrosion. 

^ '. ■ * . 

a, Kfficient venting of nit and carbon dioxide. 

A. Ability to operate against the back presp*re which will be 
present in. the return line. 

f>. AHilfty to 'operate satisfactorily* in. the presence of scale 
or sedirrienU 1 

, . • • • 

Clashes of Tnipfr . . , ■ 

Thert- are a great many diiferenJ design^ of traps but they can be 
divided into th-red general classes according U their principle of operation. 
These classes are: mechanical *, UHMMnostatioj and thermodynamic . . 

, 1 . . Mechanical Traps 1 & 

This type depends upon the" difference .in density between steam and 
condensate to open or close the trap .discharge valve This done by .means 
of a ball type float or a Bucket type float, }\ • < 

■ ^ * ' - 

*** - 
•■ * * , PKJ!-:!-l \~\\ 



lid 




Outlet 

Ball Float Trap 
• - Fig. 3 



Fig. 3 shows a sectional view of a ball float trap. 4 As condensate Hows 
into the trap, the stainless steel float will rise and fcventually open the dis- 
charge.^ lve allowing a flow^of condensate to the discharge outlet. Air and 
other gases such as CO will escape to the discharge through the thermostatic,- 
vent. When steam reaches the trap, it will surround the thermostatic vent 
bellows" causing the' bellows to expand and close the vent thus preventing the 
discharge pf steam. In addition, when the condensate level in the trap drops 
to a certain point, the float-operated valve will close and- prevent the escape 
of steam. 1 ' • 

Fig. 4 illustrates the operation of a similar type of float trap. 
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□ 



CONDENSATE 



□ 



STEAM 




4> 1. On start up, the main float-actuated 
valve is normally closed Air is pushed 

K through the open thermostatic air vent by 
system pressure. When condensate reaches 

- the trap (above), the float o0ens the main 

! valve to permit flow. Remaining air con- 
tinues to discharge through the open vent. 



. 2. When steam reaches the trap, 'ihft thermo- 
static air vent closes jn response to the 
higher temperature. Condensate continues 
to flow through the main valve which is 
positioned by the float to discharge con- 
densate at the same rate as the rate at 
which condensate is flowing to the trap u 



AIR 



3. Air^from the system will now begin to 
accumulate in the top of the trap. When 
the temperature of the air drops a few 
degrees below saturated steam tempera- 
ture at the oxisti A pressure, the balanced 
pressure thermostatic air vent opens and 
discharges the air. # 



( 



Float' T.rap Operation 
(Armstrong Machine Works) 

Fig, 4 



The float trap will work equally well whether the condensate load is 
light or heavy and its operation Ks not affected by changes in steam pressure. 
It does not become air-locked upon start-up when there is a large amount of 
air present because it will discharge this air immediately ayd automatically. 

The ball float trap, however, does have the disadvantage 'of being 
liable to damage from water hammer, and the thermostatic air vent is t\ot 
suitable for use with superheated steam. In addition, this type of trap is not 
suited for outdoor use as it will freeze up. i 

. " y * 

Another commonly used mechanical trap is the inV^i^ed bucket trap 
shown in Fig. 5. * ~~ 

Referring" to Fig. B f initially the bucket hangs down homing the dis- 
charge valve open. Condensate enters the trap and flows under the bottom 
$d#e of the bucket to fill the trap body. Then the condensate will flow out 
though the open .discharge valve to the outlet. Any steam which enters the 

will, collect at the top of trhe inverted bucket giving it buoyancy and 
causing it to rise, thus closing the discharge valve. Air atid C0 2 ga<*'will 
also collect at the tap of the inverted bucket and will pass through the vent 
at the top of the bucket to -the" upper part of the trap -body* 
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A- 

■'.".'/' , 1 

" Inverted ikieket Traf). 

(Armstrong Machine Works) 

> > 

/» ■ ■ 

.Some steanv will also pass through this vent but will condense in the 
cooler environment -near the top of the trap. As more condensate enters the 
trap. and as the .steam. wUhin the inverted bucket condenses, the bucket will 
sink and again open r the discharge 'Valve. The acrumulajM air siYid (X) will 
discharge first and then the condensate will discharge until more steam enters 
( . the bucket to onctvagain close the discharge valve. 

V . * p ■ 

. Another design of the inverted bucket trap features a large 'vent at the 
top of the bucket and this vent is controlled by a bi-met.'illie strip. In this 
case f air and C0 2 will escape freely through the vent, but when steam enters 
the bucket the bi-metalUe strip will close the vent and the steam will remain 
within the bucket* until it condenses. _ 

The inverted bucket trap is simple in construetion and easy to dismantle 
for inspection and cleaning, it can be used for draining superheated steam 
lines and ^ better able to, withstand water-hammer than- is the ball float trap. 

This type of trap, however, will not discharge air rapidly and. may be 
subject to air binding. Also, like the ball float trap, it is liable to freeze if 
exposed to lo.w ambient temperatures. 

PK2-2-1 l~<5 . . 
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2. Thermostatic Trap s 

The operation of the thermostatic trap depends upon the difference in 
temperature between the steam and the condensate. Three general designs are 
used: the balanced pressure type, the liquid expansion type, and the metallic 
expansion type. 

Fig. 6 shows the main elements of the balanced pressure thermostatic 
trap. /* "~. 




( 



Balanced Pressure Trap_ 
• Fig- 6 

Referring to Fig. (>, A is a sealed eorrugated element whieh is filled 
• with an alcohol mixture, \\ is a metal shic,ld surrounding the element and C 
* is the trap discharge valve. \ 

* 

• on rtrfrt-up, the. trap is in tho~open position as shown in Fig. 0. The 
air in the system is quickly discharged through the wide open valve. Then 
cool condensate will flow, into the trap and will be discharged. However, as 

jthe condensate entering the trap becomes hotter, the alcohol within the element 
will begin to boil and produce pressure which will cause the element to expand 
and close 4ho discharge valve. The hot condensate surrounding the element 

.will then cool allowing the alcohol mixture within .the element to cool and its 
vapor to condense,- The element now contracts opening the *Vnlve and the 
cycle is repeated. 

■ ■ ' • . . ' PK2-SS-1I-7 
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, This typo of Vfyp is small and compact but it nevertheless can h- ln Hi,»" 
a lame amount of/condensate. The large amount of £ presen -a s art 
is also dischargetHrapidly. Another advantage, of this type is that if I f 
draining and therefore will not freeze up. • 

A disadvantage of this trap is that the corrugated element is liable to 
damage from water hammer or from .corrosion. Also, it cannot bo used with 
tWmS. High t0mPCratUre «» excessive pressure wit, ^n ' 

The 'liquid exjpans ion trap shown in Fig. 7 uses a thermostatic element 



Relief 
Spring 



Tube. Plunger Rod 



Adjustment 
Screw 



Valve 




Outlet 



Scaling 
Bellows 



Liquid Expansion Trap 
* Fig. 7 

Referring to Kig. the operation of the trap is as follows: upon the 
start up of the system, the trap discharge valve is wide open allowing low 
of a.,r and cool condensate from the system. When hotter condensate n« steam 
enters the trap, the liquid within the tube will expand and puTtht plunder 
along, thus elos ng the valve by means of the plunger rod. When the concln- 

back hu \ S \ T l W ? ta tub ° WiH f <>«traet and the plunger will move 
back thus opening the valve and allowing lie cool condensate to /iseape. 
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The sealing bellows acts as a packless gland to prevent leakage of 
liquid from the tube. The relief spring prevents damage from water hammer 
or over-expansion of the element due to sudden high superheat temperatures. 
The adjustment screw allows the trap to be. adjusted to discharge the conden- 
sate at the desired temperature. 

The liquid expansion trap has th^ advantages of being adjustable and not 

subject to* freezing* Also, it can be usjed with superheated steam and can . 

withstand water hammer to some extent. It is, however, liable to corrosion 

of the tube if the condensate contains corrosive substances. 0 

k 

The metallic expansion trap uses the expansion of either a long rpd or 
a bi-metallic strip to operate, the trap discharge valve. 

■* * 

These types are^only used for special applications as they have certain 
disadvantage^, In the" case of the rod type, in order to get enough movement 
of the valve the rofl has to be quite long (about one metr£ in length). With 
the bi-metallic type the movement is also slight and the valve tends to not 
close tightly* , " 



3 . Thcr;arlodynaroic Traps 



The thermodynamic trap utilizes the heat energy in steam or in hot 
condensate to control its opening and closing. 



impulse 



A commonly used type of thermodynamic trap, called £ tilting dJUc 
se trap, is illustrated in Fig. 8. . 7 



they 

through* 
let. 



Heferringtito Fig. 8, when cool condensate or air enter the trap 
flow upward through the irilet orifice and tilt the disc upward to pass 
holes in the scat plate and through tfie discharge f>orts to the^rap ou 
If steam enters *he trap it flows at high velocity under the qf.se causing a 
reduction in pressure at this poiht and causing a pressure 'build up inlthc 
chamber above the disc. This forces the disc down* thus closing the tlrap., 
If hot condpnsate enters the trap it will flash into steam as it leaves the 
inlet orifice. This flash steam will also flftw at high .velocity under the disc 
causing a reduction in pressure and flash st$am above the disc will aghin 
for*ee the trap 1 closed. The trap will rer/iain closed until the steam abpve 
the disc Condenses. 
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Seat Plate 



Disc 



Inlet 



Strainer 



Inlet Orifice 




ischarge 
Port 



Outlet 



Blow-flown Valve 



Impulse Trap (Tilting Disc Type) , . . 

.« (Yarnall-Waring Co.) 

. Fi^8 . 

This. trap features an integral strainer to prevent particles" from entering 
the operating portion of the trap. Another feature is an Allan wrench-operated 
blow-down valve for thj^purpose of blowing out any sediment which may collect at 
the strainer. , » v 

All stainless steel construction of the trap body qnd parts reduces the 
possibility of corrosion. 
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Controlled Disc Trap 
(Armstrong Machine Works) 

The principle of operational another type of thermodynamic disc trap 
is. illustrated by the sketch in Fig. 9. This type is known as a controlled 
disc trap, 

Referring to Fig. 9, condensate and air entering the trap • pass thrpugh 
the heating chamber, around the control chamber and through the inlet orifice., 
This now lifts the. disc off the inlet orifice and the condensate and air pass 
to the outlet passages. When steam enters the disc its increased velocity of 
How across the face of Sty disc reduces the pressure in this area and the 
pressure *in the control chamber above the disc forces the disc against the 
orifice thus shutting off the trap. The steam in the control chamber gradually 
bleeds off around the disc and the trap will open once again. It will then 
discharge, any condensate present and close once again in the presence of 
steam. ,jl . • . 



( 



CAPSULE 




CONTROL* CHAMBER ' 
Hardened Stainless Steel 



CONTROLLED DISC- CAPSULE BODY 
Hardened Stainless SteoV Hardened Shunless Sled 




SHE I L 
Carbon Steel 



/ 



Controlled Disc Trap Constructs 
. (Armstrong Machine Works) 

Fig. 10 
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Pressure Differentia l 

The pressure differential of a trap is the difference in pressure between tiui-„ 
pressure at the trap inlet and the pressure at the trap outlet.- For example, if 
the trap is draining a main steam header operating at a pressure of (590 kPa gage 
and if the trap is discharging against atmospheric pressure, thei/the pressure 
differential is (590 kPa. If, however, Uie same trap is discharging against a 
back pressure of 70 kPa then the p'ressipr'differential is 620 kl'a. 

The smaller the pressure differential between the trap inlet and outlet 
the smaller is the trap capacity. The greater the pressure differential the 
greater will be the -trap capacity." 

Trap capacity also depends upon the size of the discharge orifice, of the 
trap and the temperature of the condensate. The larger the discharge orifice 
the greater will be the trap capacity ancTvlce versa. The higher the temp- 
erature of the condensate the smaller the capacity of the trap because the 
hfgh temperature condensate wilJUgenerato flash steam which will tend to part- 
ially choke the. discharge orific/ 

Strainers 

» 

In order to prevent dirt, scale, chips, etc. from getting into the work- 
ing pails of traps, a strainer, also called a sediment separator, should be 
installed close-to am) ahead of every trap. The strainer will effectively trap 
all foreign particles and will, in addition, provide a .pocket for their accumu- 
lation from which they can lie blown out. ' ■. 

The strainer normally is made up of a .^Xool body with ;i woven wire or 
perforated steel screen. Stainless steel or monel is frequently used for the 
screen material in order' to reduce corrosion. 



- 13 




Screwed Strainer 
Fig, 11 



Fig. 11 shows a strainer featuring threaded cpnnections and a woven 
-wire screen. T"hc connection at the bottom of the screen may be fitted with 
a plug of r, preferably ' a blow-dff valve. 



Trap Piping * . '• , 

A typical piping arrangement for an inverted- bucket type trap appears 
in* Fig. 12. The' trap is fitted with isolation <hlvCs and a bypass valve so 
that it can be repaired or inspected. In addition, a strainer with blow-off 
valve is installed ahead of the trap and a test valve is fitted at the trap out- 
let. The test valve is. used to determine whether or not the trap is working 
properly. 
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Return 



Tra^lnstallation and Mainten 



Trap Piping Arrangement 
A Fig. 12 . 

Jt_e. 



c 



A trap must be installed in the proper manner in order for it to operate 
efficiently. Some of the more important considerations regarding trap instal- 
lation are listed as follows: ' 



1. Make sure that the trap has the proper capacity. and pressure 
rating for the job. (Trap sizing galeulations will be covered 
in the next section), 

2. Before hooking up the trap, blow the lines through at full 
steam pressure. Then clean any strainer screens installed. ' 



3, 



The trap should be installed i-n an accessible location close 
to and below the drip point. Check directional markings on 
the trap to make-sur^ it is„ not installed backwards. 

.j 

Unions and shut-off valves should be installed on either side 
of the trap and in addition a strainer, test valve, and a by- 
pass valve are recommended. (See Fig. 12). Do not use 
piping smaller than the size of the trap connections. 
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Inlet linos to the trap should be pitched toward the trap. 

f '* 

G. If a group of traps drain into a common return line then a 
check valve should be installed between each trap and the 
return line. ^ f 

7. Use solfnlraining traps on installations sul^!ject to freezing 
temperatures/ 

8. |Use a separate trap on each piece of apparatus as short 

circuiting will occur if more than one unit is drained by 
. a single trap. 

In order to determine 'whether or not a trap is working properly, it 
must be tested. The most positive method of testing is to observe the dis- 
charge from the trap by means* of a test valve. (See Fig. 12). 

By observing the* discharge it can be seen whether the trap closes off 
tightly, blows live steam, discharges continuously or does not discharge at 
all. 

Other methods of testing are: determining the temperature before and 
after the trap by. the use of thermometers or pyrometers, determining the 
pressure before and after the trap by means of pressure gages, determining 
the operation of the trap by means of a' Listening device such as a stethoscope. 

In addition to regular testing, traps should be dismantled for inspection 
at least once a year. During this inspection the following things should be 
done: . 

1. The trap body and operating parts should be examined for 
corrosion, erosion, mechanical , wear, etc. „ 



A 



'All internal parts should bo cleaned and worn valves, seats, 
levers etc., should be replaced as should cracked buckets, 
floats or bellows. 

All gasket seating surfaces should be thoroughly cleaned and 
new gaskets used on reassembly. 



In addition to the inspection of the traps, all strainers should be cleaned 
ami inspected" regularly and a record log. or card should be kept for each trap 
showing dates and details of inspection, repair and replacement. 
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4^ Trap Slslng , • f 

In order to determine the size of trap necessary for a particular appli- 
cation, It is necessary to calculate the amount of condensate to be handled by 
the trap per hour. 

In the case of a trap used to drain a steam main, the greatest rate of. 
steam condensation will occur during the warming up period when the pipeline 
is being brought up to the operating temperature. After this temperature has 
been reached the only condensation will be that produced by normal radiation 
^ losses from the pipe. 

« If the warm-up 'is done automatically, that is, without manuaf supervision, i 
then the trap must be sized to handle the /large amount of condensate produced > 
during this warm-up period. 1 

'If,* however, as is usually the case, the warm-up is manually supervised, 
with the initial, heavy condensate load being removed, not through the trap, but 
1 by pieans of "free blow" draft, valves, then the trap need only be sized to' 
handle the condensate produced by radiation losses occurring after the warm- 
up period when the "free blow" drains are shut. . 

• « 

I .', Au tomatic Warm -u p * $ 



* The warming-up load is calculated by means of the following 
lornuila. . 

U.4!MM (t - tl ) ^ 



C 



L 



WIIKUK: 

(' amount of condensate fti kg. 

' {). I'M specific heat of steel pipe. * 

M " total mass of pi pi* in kg. , \ 

[ f) final temperature of pipe °C 

tj initial temperature of pipe °(\ . " " 

L latent heat of strain at final temperature k,I /kg. 

'YMv warming-up load C i» then divided by the number of minutes re- 
quired for the warm-up mid then multiplied by (50 to give the load in kg/h. 1 

KX AM P lsK I : u , 

Find thee warm-up load in kg/hr in warntiogHjp IW ni of 2()'A.2 mm V 
Schedule 10 sleel pipe to a working pressure! of i:t5U-kIU& in a wurtn-up • \ 
time of U) minutes. Initial temperature of pipe is 10°C. 

■ - • ■ • 

PK2-2-11-JB - . 1 



( 



c 



13 tSI COPY AVAILABLE 



mm 



- 17 



< 



Example 1 
SOLUTION: 



where 



W 

V 



T 
L 



0.494 W (t 2 - t 

. - 

12(jti kg ( Table 2 Lecture 10 Seetion 2) 
= . * 193°C (Steam Tables) approx. 
10°C (Given) 

1967 kj/kg approx, (Steam Tables) 



J 



( 



c 



0.494 x 1266 (193 - 10) ' 
. 19(57 



58.18 kg 



In order to accomplish this warm-up in 10 minutes, the condensate rate /hr 
would he: - • 



58.18 x 



0U 
10 



:M9 kg/h (Ans.) 



When choosing a trap for a part^ular service it is usual to increase the 
calculated condensate load in orderly provide a safety factor . This is to ensure, 
that the trap will have ample capacity in the event of a change in operating eon- 
-ilitions such as a drop in pressure in the line. In Kxample 1, the safety factor 
is not nocessarjjlf the capacity of the trap chosen is such that it can discharge 1 
:M9*kg/h at a warm-up pressure of just above 0 kPa. Then, as the pressure 
rises in the pipeline, the. trap capacity will automatically increase. Also, the? 
!M9 kg/h is the warm-up toad and it* is much greater than the load the trap will 
have to handle after the system is warmed up. 

2, Manual Superv ised Warm -up . , ■, 

In this ease, as mentioned previously, the 1 trap has only to handle ^he 
condensate 1 pnxluced by radiation loss during the normal operation as the 
largo amount of condensate produced during the warm-up is discharged 
-manually by mean* of free blow drains. ^ 

The amount of condensate produced by radiation can be determined 
from .Table 1 which lists amounts for' various pipe sizes* 
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CONDENSATION IN INSULATED PIPES carrying 
saturated steam in quiet air at 21°C. Insulation assumed 
to be 75% efficient. 



Prelum? kP.i (qiM^') 
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— i — | 
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0 104 
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0 Mn 
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1 IP 
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! :>• H3 


? 16 
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« Table 1 



) 

Table 1 can be used to find the condensate load due to radiation for the pipeline 
in Kxamplc I, which is ZOTJ mm diameter si/.e and operates at 1344 kPa (abs) or 
1241 kPa (gnage). % . ■ 

♦ I-. 
' The table shows that the kilogr«*ims of condensate per hour for 203 mm pipe at 

1241 kPa is 0>98 kg for each Lineal metre* As the pipe is 30 m long then the con- 
densate load is: 



0.98 x 30 



29 .4 k g/h at 1241 kPa 



Ifxthc trap is installed between the toiler and the end of the steam main then a 
safety factor of 2 should be allowed and the selected trap capacity would be: 



29.4 x 2 



5.8.8 kg/h at 1241 kPa. 



If the trap 1 is installed at the end of the main then a safety factor of 3 should 
be allowed and the selected trap capacity would be: 



20.4 x. 3 



8H,2 kg/h at 11241 kl'a 
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The condensate load for normal radiation looses can bo calculated ify the 
following formula if a table such as Table 1 is not available. 



C 



A U (t r - t 2 ). K 



where 



c 

A 
U 



Condensate in kg/h 
External area of pipe in m' 

Heat loapJfrjjm uninsulated pipe kj/m^/°C temp, 
different 



)s^frx>r 
ten^Jff 



\ 



ature °C 



2 
L 



Steam tei 
Air temperature °C ' ;; ; 
Latent heat of steam ,.'<at operating pressure 
1 - efficiency of insulation 



Example 2 9 v 

Kind the condensate load due to radiation in 30 m of 203 '.2 mm steel pipe 
operating at 1344 k. Pa (abs) and covert with 75% efficient insulatidh, 

' Given that U. . - 63,34 KJ/m z /°C and the ambient temperature is 21 °C. 
SOLUTION: 



where 



C 

A 
U 

K 
L 

C 



A U (tj_ -1 2 ) E 
L 

0.69 x 30 m 2 (Table 1) 
63,34 (Given) 

193°C approx. (Steam Tables) 

21°C (Given) 

1 - 0.75 = 0.25 '(Given) 

1967 kj/kg (Steam Tables) 

0.69 x 30 x (33 . 34 (193 - 21) 0 . 25 
1967 

28.06 kg/h (Ans,) 



This amount must be increased by the appropriate safety factor of 2 or 3 
depending upon the trap location as explained previously. 
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Water Hammer 

The term "water ■hammer" is used to dc-scribe a series of hammer blow- • 
like shocks produced by a sudden change of velocity of water or other liquid 
flowing within a pipeline, These shocks may have sufficient magnitude to 
rupture the pipe or pipe fittings or to damage connected equipment. 

/"/he sudden change of velocity necessary to produce water hammer may 
caused by the rapid closing or opening of a valve, the sudden stoppage in ^ 
flow due to a pump trip-out, or by^the rapid condensation of a pocket of 
steam within the pipe. ' • 

, r 

In the case of a valve being quickly closed in a .pipeline through which < 
water is flowing, the first effect is the sudden decrease in the velocity of 
the water and> a corre^flbndingly sudden increase in pressure at the yalve. 
Thiseauses a . pressure wave to travel back upstream to the inlet end of the 
pipe where it reverses and surges back and forth through the pipe, getting 
weaker. with each successive reversal. This pressure wave due to water 
hammer is in addition to the normal water pressure within the pipe and depends 
upon the magnitude and rate of change in velocity as Well as the elasticity of 
■I he pipe and of the water. Complete stoppage of flow is not necessary to produce 
water hammer as any sudden change in velocity will bring it about to -a greater . 
or less degree depending upon the above conditions. 

Where too rapid closing of a valve is the cause of the water hammer, 
the remedy, of ^course, is to ensure that the valve closes slowly. The period 
of effective closing of a gate valve takes place in the last 2Q (1 / ( of the valve 
travel and this portion should be undertaken as slowly as 'possible. If the 
valve is equipped with .a bypass, as large valves often are, then the bypass 
should be closed last.. When opening a gate valve the first l M)°/ ( of the valve 
travel is the most critical portion and this should be opened as slowly as 
possible after first opening the bypass if the valve is so equipped. As a * . 
general rule, all valves should be opened and closed slowly and cautiously, 

: Where w;vter hammer is due to the sudden stopping of -a motor-driven 
punfp due to a power failure, the following occurs. Upon the power inter- 
ruption the r pi;ossure v "at the pump discharge drops and the water in the dis- 
- rharge line stops and then reverses direction. Subsequent rapid closing of 
the check valve at" the pump will cause severe shock when the energy of the 
reverse flow is violently expended against the cHeek valve disc. 

o Devices which can be used to reduce the shock in a pump discharge line > * 
►are air chambers, relief valves, or cheek valves having * a built-in dashpot 
to prevent rapid closing of the disc. 



( 



ERIC 



135 



A pump trip-Knit may also cause water hammer in the pump suction 
line in oases whtire the water Hows to the pump through a long line by gra- 
vtyy or under pressure from another pump and air qharflbers or relief vtdves 
lYiay be used here «\s well, * 



In the case of a steam line, water hamper may occur if condensate is 
present in the line. As the steam passes through the line above the surface 
of the condensate it may .raise up behind it a mass of the condensate' (water) 
and thift an isolated pocket of steam is forced. Being in contact with the 
cooler water the steam will suddenly condense and a low pressure, will be 
formed in the pocket. WaCfcr rushing into this low pressure pocket will cause 
severe shock to .thti pipe an* piping fittings. • 

Abnormajpimounts of condensate will be produced within a steam pipe in 
the case wherfc the pipe is contained within an underground tunnel or conduit 
which becomes flooded . due to a broken v^ater main or other 'causes! The 
flood water coming in contact with the steam pipe will cause excessive conden- 
sation. When this condensation cools beloVV steam temperature it will cause 
water hammer. ■. 

It has been found that llris type of water hammer will occur in a steam 
line that is horizontal or pitched upward from the source of steam and it will 
be <most violent when the steam pipe is doa^l-ended by a blank or a closed 
valve. It has also been found that, if the condensate c;in be removed as fast 
is it forms, then the water hammer will not occur. This points out the need 
Jor amply sized traps. 

In order to', reduce the damage, should water hammer occur, rupture 
diaphragms may be installed. Also, the use" of cast kon valves and fittings 
should be (i voided. * ' ' 

To avoid water hammer iYi steam lines I hoy must be properly pitched 
and drainage points installed between valves and at pockuts in the line where 
water could accumulate. The drainage points should be equipped with drip 
pockets, free-blow drain valves, an<f traps, in addition, gate valves in the 
line must not be Installed with their stems below the horizontal because the 
.valve bonnets would act as pockets. 

•When Wflrming up a steam lino all drain wives must be opened wide 
before steam is admitted afld tbe sUvam admission valve should be only cracked 
open or only its* bypass opened if so equipped. The valve should be slowly 
and carefully opened fully after the line has boon warmed up. The drain 
vaives a;;e left open until all of the warm-up condensate has been discharged. 
The traj) will then be able to handle the condensate that forms under normal 
operating conditions. ' > 
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PIPING INSULATION N 



Piping is covered with insulation r*r> tu* t~u ^ 

-heat loss mi condensation, ZlfJ^T'S " asons - *° reduce 

teres within the power plant tc I o r el L T„T ? ' y hlgh 1,mb,ent tempera- • 

ho, eurfac^ a„d «o present sweaTn^f ^P^S'. f -° m ~ ^ 

ehar^e^Hes?' *' '»">*"««<*>• should have the foUowing . 

1. High insulating 'value, ^ 

2. Long llf e , 

3. Vermin proof, 

4. Non corrosive, - f 
, 5. Ability to retain its shape and insulating value when wet 

6. Ease or application and installation. 

Poor^fjlthaX^'Sndtft subt'uT ? T ^ "eat , 

scopic air pocket dispersed rouXutX'n TT ," '".^c number of m.ero- 
insucuors. This ,s because h ™«T mi y i °* m08t <"«<*«« 

ma.on of oonveeuo, currents and ^Al^ ^tJC^^Jt 

vfllueof k for a material ih, I V , i,^ I herefore the lower the 

insulations have k ^ XTJ^^X ' »°« < 

«<>>• any one niatoHal vvill varv u^f.rriin, t ^ , C/m ' Ihc k 

exposed. For oxmnplo ■ ti K 1' U>n, ^raturos to which it is 

have a k value Ji\ Vat ^ " k Valu V of 0.3 at 150° C may 

Pipe insulation Materials 
1. Diatomaccous Silica 

, This materia) -is bonded with'elav and « 

cost it is generally .used 'for the high tcnmcraSro ?ni ° f fair,y hl « h 

types of insulation. Its k value varied K oTtoTJ. C ° SHy 
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2. Asbestos » 

Asbestos insulation is processed from asbestos fibre and comfehw^ with 
Cdiatomaceous silica and heat resisting binders. Its k value varies from 0.37 
to 0.72. , . • , 

3, Calcium Silicate ' 

• " 
This insulation is a compound of lime and silica with so.me asbestos 
fibre added for strength... It has k values from 0.37 to 0.60. 

- 4. Glass Fibre * 

This is a comparatively low cost and lightweight insulation having k 
values from 0.29 to 0/35. 

5, Magnesia (85%) 

This (material is composed of magnesium carbonate reinforced with 
asbestos fibre and has a k value of from 0.35 to 0,42. 



f>. Plastic Foams 



These are plastics that have been processed into a foam during manu- 
facture and then formed into pipe covering sections. Thftyrhave k values 
from 0.0</ to 0.28 and have largely taken the place of Cork ;ind felt insula- 
tion which was formerly used for low temperature service. They are Avail- 
able for temperatures as low as -170 ( V and as high as 120°c;. 
» 

7. Reflective Metal Insulation 



This is a fairly new type of insulation constructed of metal reflective 
sheets of stainless steel, spaced and baffled to form isolated air* chambers 
around the piping. The highly polished reflective sheets reflect the heat and 
prevent loss (jue to radiation but yet absorb little heat by conduction. The 
k factor varies from 0.'5H to'().6(>. , 



Application?? 

/ 

The following indicates the the general application of various piping, 
insulations for different temperature ranges. 

Above 1 ()40°c: - refractory fibres are generally used or ir\ some 
eases reflective metal insulation. 

ft50°C - 1040°c: ■ - double layer construction is used with the inner 
layer diatomaccous silica and the outer layer calcium silicate. 
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150°C - (ir)0°C - calcium silicate is generally used with double layer 
construction for pipe temperatures pvor ;H(>°C. 

0 - 2ttO°C - glass fibre is most commonly used as it is generally 
the most economical and has good resistance Cb normal abuse. 



The effectiveness of a particular insulation is expressed as an 
efficiency E where: 

■ ■ Heat loss from bare pipe minus heat loss 

ip E ~ from insulated pipe 

' heat loss from bare pipe 



The heat losses are expressed in kJ/h/lineal metro*. 

o Piping insulation is usually fabricated v in half-cylindrical sections for 
fitting over the pipe. The sections are held together by metal wire or bands 
r and then a surface finish is applied, usually of a canvas type. 



Special shapes and arrangements of Jnsulation are used for fittings such 
as elbows, flanges, and valves such as shown in Fig*« 13. 



StymcntS Cut from 
sectionol pipe tnu/tofion 

Note first ond lost 
segment extended 
over weld bead 

locate e* pons wo jowl 
withm three feet of 
fitting inu/lotfon 
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t Insulation of Fittings 
Fig. -13 



Valve 
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VALVKS 



Various types of valves are required in any piping system in order to 
control and regulate the fluid flow within the system. The valves represent 
a considerable percentage of the overall cost of the system and therefore 
must be selected with care and with consideration of the following details; 
working pressure and temperature, type of fluid (corrosive or erosive), flow 
volume, valve operating cycle, and cost of installation and maintenance, 



Valve Design 

» > 

There are a number of 5asiC designs of valves antl these include the 1 
gate valve, the globe valve, the angle valve, the check valve, the ball valve, 
and- the butterfly valve. * „ 



I . The Gate Valve 



< 



The gate valve as illustrated in Fig. 14 consists ot a gate-like disc, 
actuated by a screwed stem and handwheel, which moves up and down at right 
angles to the path ofTlow. In the closy^f position the disc seats against two 
faces to shut off flow. 




WHEEL 

YOKE SLEEVE NUT 
YOKE 

YOKE SLEEVE 
GLAND FLANGE 
GLAND BOLTS 
GLAND 
PACKING 
STUFFING BOX 
BONNET BUSHING 
* BONNET JOINT BOLTS 
BONNET 
STEM 

DIS^C SEAT RiNGS 
DfSC 

BODY SEAT RINGS 
BODY 



(late Valve y 
Kig* Li 



PK2-2-I l~2f> 



/ 



9 

ERIC 



1A0 



- 2G - 



•. Gate valves are not suitable for throttling service or where f^uj«J 
opening and closing is required. They are suitable for eondl 
full now or no flow, such as stop valves or isolating valves and th y have 
the advantage that, when fully opened, the How resistance is low with a min 
Imum of pressure drop as the flaw moves in a straight line. 

Several different designs of gates or discs may be employed. The 
solid wedge disc Is the most common and It is the type shown in MK- , 
It conslstl o f a solid wedge-shaped disc jwhteh seats against matching tapered 
seat faces. 

t The double wedge disc gate valve has the two disc faces arranged I so 
t they can move independently of one another against tapered scat laces. 

the parallel slide gate valve has a disc with parallel, faces which slides 
down between parallel' set faces. 

* i 

2. The Globe Valve , 

The glol* valve, shown in Kig. If,, is constructed in such a way as- to 
cause the flow cS t the fluid passing through to change direction twit c . i ^ 
disc and the scat arc parallel to the main flow path and the disc is movu 
toward or away from rhe scat by means of a threaded stem. 

Due to its construction, the globe valve is ideal for throttling or reg- 
ulating 'How with a minimum of wire -drawing and seat erosion Anot he 
advantage of the globe valve compared to the gate valve is t» it is c ho, , pc i 
to manufacture. On the other hand, the glol>c valve offers much mote usist 
anee to flow than does Wie gate valve and also it presents a >> tkc . mlhxn 
its ImkIv which mav collect condensate or sediment. It is seldon d 
si/.-s larger than .UK) mnylue to difficulty in opening and closing againsi 
fluid pressure. \ • • ^ 

As with the gate valve, the globe valve may en/ploy different disc 
designs. 
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Globe Valve 
Fig. 15 



* The plug type disc is a long tapered metal disc which is most suitable 
fo,r severe* service such as throttling, blow-off, spot blowers, etc. The 
valve shown in Fig. 15 features a plug type disc/ 

The composition disc is a flat disc fabricated from various materials 
sueh as synthetics and asbestos which are suitable for a variety of services 
such ns^tlr, steam, water, oil, etc, where the throttling is not severe and 
, pressures are not high. 



A third typA of disc is known as the conventional disc. It is a metal 
disc havinft a short taper which fits against a narrow seat. This type is not 
/ suited for Severe throttling service as the narrow seat and short tapered 
disc are subject to erosion and wire tl rawing. 
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3, The Angle Valve 
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j ~Angle Valve 

| Fig. 16 

J ■ ' . ' • * 

The angle valve, Fig. 16, uses the same seating, principle as the globe 
valve and has the same operating characteristics. It is used when making a 
90 d^ree turn in a line as it gives less restriction to flow than using a 
globe valve with a 90 degree elbow to provide the turrt. Another advantage of 
using the angle valve is the reduction in the number of joints and fittings 
required when a separate elbow is not used. 



4. The Check Valve 

The check valve is a valve which prevents reversal of flow in piping. 
The flow of the fluid keeps the cheek valve open while gravity ;uid reversal of 
flow will cause the valve to close. 
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The two basic types of check valve which are illustrated in Fig, 17 
are the swing check and the lift check. * p 



•HEW 




Swing Check 



Lift Check 



Fig, 17 




The swing check val^e features a straight line flow and therefore offers 
little resistance to flow. The disc which is hinged at the top swings freely 
in an are from the fully closed to the fully open positions. 

The flow ^through th ^lift cheek valve undergoes two changes of direction 
as it passes through a horizontal section upon which the disc seats. The 
disc moves vertically upward to allow the flow to take place and moves down- 
ward to clo^ if the flow should reverse. A elashpot is used to cushion the 
action of tj^ disc. 



5. The Ball Valve 

The ball valve,, Fig. 18, features a spherical shaped plug with a (bored 
passage through it. The valve ran be opened by means of a lever so that 
the bored passage in the plug or ball lines, up with the seat openings. A 
90 degree movement of the lever moves the ball into the shut position with 
the bored passage at right angles to the seat openings. 

Ball valves have the following advantages: quick open-shut action, 
little tendency to stick, minimum restriction to flow, easy maintenance, and 
the lever serves as an open-shut indicator. 
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Bull Valve 
Fig. 18 
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* 6. The Butterfly Valve 




Butterfly Valve 
Fig. 19 



( 



The butterfly valve features a flat disc 
that can^e rotated 90 degrees from the 
wide open to the fully closed position. 
The valve shown in Fig. 19 would nor- 
mally be fitted with a handwheel and an 
electric motor, either of which can be 
used to turn the disc* 

The butterfly vsilve is commonly used 
in thermal penfler stations, hydroelectric 
power stations, the oil and ^ns industry, 
and in water works and sewage plants. 
They have 1 the following advantages: ease, 
of operation, relatively light weight, 
little restriction to How, and absence? 
of sliding parts* They are not normally 
used for pressures above MO kPa. 



!>K2-i!-ll-30 



9 

ERLC 



145 



;itVf COPY AVAILABLE 



Valve Stem (Spindle) Design 



The valve stems for globe, gate and angle valves may conform to any 
one of several designs. , t 



1. Rising Stem, Outside Screw 

In this design the valve stem rises when the valve is opened and lowers 
when the valve is shut. In addition, the screwed part of the stem is outside 
the valve body. With this design the position of the valve stem will indicate 
whether Ihe valve is open or shut and the screwed part of the stem is not 
subjected to corrosion or erosion from the fluid within the valve and also/ 
lubrication of the stem screws is possible. 



a 




(a) > (b) 

Rising Stem, Outside Serew Gate Valves 

Fig. 20 



Fig. 20 shows two rising stem outside screw gate valves. With the 
valve in (a) the stem rises but the handwheel does not. With the valve in 
(b) the handwheel rises with the stem. The valves in Fig. ,20 are also re- 
ferred to as outside screw and yoke valves as the threaded part of the stem 
engages with a threaded sleeve held within a "yoke piece.' . 
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Globe valves *and angle valves are 
of the rising ^tem type and may 
or may not employ the outside 
screw design- '• Fig. 21 'shows a 1 
rising stem, outside screw and 
yoke globe valve. 



Stem, Outside Screw Globe Valve 

2. Rising Stem. Inside Screw * ' 

With this designee stem rises as the valve is opened but the threaded 
part of the stem is inside the valve body. Fig. 22 illustrates the design for 
both gate and globe valves. , 
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Gate Valve Globe Valve 

\ Rising Stem, Inside Screw Valves 

\ Fig, 22 ' 
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3. Non-rising Stem, Inside Scr 



In the case where a gate valve 'is to be used and «head room is limited, 
then the non-rising stem, inside screw design is used. With this type, as 
the stem is turned, the gate climbs up the threaded part of 4 the stem which 
is inside the' valve body as shown in Fig. 23. 




Non-rising Stem-, Inside Screw Gate 
Valve 

Fig. 23 



Fig. 24 




Guide rib* 
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Kig. 24 shows the details of. a non-rising stem, inside 1 screw valve in 
the ppen position* 
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In order to simplify plans, sketches, blueprints etc., symbols are used 
for the various types of pipe fittings and valves. Fig. 25 illustrates the 
symbols used by the American ^ociety of Mechanical Engineers. . 



SYMBOLS FOR PIPE FITTINGS AND VALVES 
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Fig. 25- 
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QUESTION SHEET 

* Second Class 

POWEIt ENGINEERING Sect. 2, Lcct. 11 

* * ■ too* 

1. Sketch and describe the operation of: 

(a) a Mechanical trap. 

(b) a thermostatic trap. 

(c) a thermodynamic trap. 

2. (a) Sketch a piping arrangement for a steam trap. 

(b) Discuss the points to be "considered regarding trap installation. 

3. Describe three conditions which will affect trap capacity* 



r 



4. Discuss "water hammer" in regard to its causes, effects and 
remedies. 



5. Discuss trap testing, inspection and maintenance. 

6. (a) Describe, with the aid of simple sketches, the construction 

and operation of a gate valve and a globe valve. 

•\ (b) Discuss the advantages and disadvantages of - each type. 

7. Describe an application for. each of the following types of valves: 

(a) angle valve 

(b) check valve 

(c) butterfly valve r 

8. * Describe the various types of valve stem designs and give, the 

advantages and disadvantages of each. 

9. Sketch and describe a steam separator and explain its purposes. 

• I 

10. (a) 150 metres of 250 mm diametOr schedule 80 steel pipc\at iui ambient 
temperature of 21°C is brought to a working steam pressure of 
1750 kPa in 30 minutes ♦ Find the wafm-up load in kg/n of conden- 
sate. 

(b) If the piping insulation is 7f/I efficient, what is the condensate load * 
during normal operation? 
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